HIEITEAT
EQUILIBRIUM

ELE

TG Theh oh 1T o 9% AT —

wAifder w& qEmEtE giEwmet § 9=
1 Tfdes THfa 1 Te= o
Aifeer T Tt gfEae o =
qn 9= o STfacreron i ifiTerea
Tm'_{ﬂélﬁ;

frdt < eAfufeen & fou wm
feerier =e/e ot wehmt;

g%? K, o He Hay wfd e
Afafsran 1 ArAEEl 1 gWIfed
LA o Te el i ==
Hehl;

ST, SRS~ Ta g8 Romsi
o YR T YA hi 3T A &Rt
T aiffehd T Hehl;

A qen & o qmed & Hmen
3ok I il o ®9 H
Hehl;

YA AT AT HIA HT gl
TR S bl U hi TSRl ohi =ame
Tm'_{ﬂélﬁ;

BIEEISH 3T 1 HeR |gdl &1 pH
Thel o B9 | g Y Hohl;

A oh 3TEH UE SHeh! 3T el &1
& ®9 H el fae & aviE

S h AR HRA (K,) e
pK,, ¥ fase =T geh;

'QT:[
foreraan UHEe feeris HT T X
ekl

11084CHO7

I Sfeeh T qEteRoi gimere § TemEte qr wewyt €
SN — AR Sl § HHURE q O, o uRered ud foaor §
0, 3T o ETHraifer o HeA T 1 U oo fiest 21 5
YRR CO 3TU[3T Qe SHHaler o Hed | CO i famermar
O] ST B

ol forelt &€ s § weh g9 aifoud B ©, S TSt Sl
At 319 S i Tde W a1 Y § 9ol S § a1 3k Sl oh
3] 5 1 Tde Y THUHI AT Faw U 59 Jrowen § guifed &
S B1 39 WehR Xd el o1 o WeH Ueh TS W T g Sl
2, ToTeeh qRoTHEsY 5o 1 Hdg W T THivea oroq-gre Scoel gl
1 e STt <1 o9 YR Bl Sl €, qel 5ol 1 arsq-S1d sig ol
T 3R ofd ¥ feer = 9 21 U feufa o w9 wed © o frem
(System) o Greeen Tonfad & T €1 F@ft T8 9 wifaw T
2 1 5o 1 W8 W 5o TS 1% o o ek {hAheld B @
21 T YRR HTEE W SS9 i S HEAH-2L o el 81 Sl 2|
T 39 YehR <9I @ ©

H,0 (3d)  H,O (3r™)

75l < @1 d 39w i <uild € fom S feemed & wiward
HU-H1 Bl & qe SATAThaeh] o Scarel o Trerereen W faeor i
‘e fustor’ wed €1 ifaes weeal qen qEmEtes stfafsmanet <=t
o wreee @iy 8 wehdl €1 tfufshar 1 e steEr wg e
IUHT THa T e gRftefaE w fHsR #ar 21 s fer a
W UF d9€ IS § Al A % g S §, @ St
Higdl #R-¢R w7 el S © 9 SR Hi Figdl gedt @t 2l
forq o THF qvE T a1 ifafwael & @igu ¥ SR T & SRl
o Hig0 § g qiedd e 21 G feufq o e o wiiters e
(Dynamic Equilibrium) Tnfa g S 7 qen oW TS EEIH
srfafranetl &1 X w9 = Sl €1 T eRU 3H erEen o
srfafmen-fagor o Sufeerq fafve w2l & 9igor o =18 aftedq =1
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B Bl 39 YR W TR Grereen wged qsh Tl
sAfafewan gof & gt 8, Iued TEEtE sifafmaet
1 Frefefaa @9 agel o offera feran smar 28—
@) vom T § 9 sifafemand et €, S orter gof
Bl St © el SATufshaen! o1 Figan T710g @ St
2 o afufrmet § @ sifufrst w1 g
31 HH Bl S @ T ST THE0T gE g
Toya i @ a2
() fofa oge o 9 sifufeand ot €, fod @ga
*Y AEN W SER od € al G W
FAfafsrehl 1 siferrat i Srafafdd & s
(i) T TE W S arfufemenat st @ e €, f
ffepoehl T Scuel i Wigal GrEmeEer
T A
Qe W AtafRan fohe En qe gof et @
IE SR gEife il SH—stfafweRl @
igal, a9 anfe) W R St €1 S qen yEnmeen
T gf=req uftfeafaat (Operational Conditions) <1
AT (Optimize) T 9gd Hewlqul Bl @,
qIfeh TrE=Teen 1 3hTd 3fead Seas i fem o &l
T Theh | &9 “ifde a1 THEte ThAl § 9 o
FT Aol UBQel o WU-"y Sl foees o
el o T, TS smafies @ wed ®, @i ot
qftgfea &
7.1 ¥iifeer Wernl ® ATRETawT
i TehHi o STeIA NI ArEeEen o fRdt freRm
o ATTAUN Bl ST TRe THA T Tehell S| WITEq
®UIALUT UshH (Phase Transformation Processes)
oo gfafed ST €1 Sereomed -
3™ —— 3d
™ —
o — T

7.1.1 B3E-Sd QIEATIEAT

Wﬁ%ﬁ (Insulated) WW'&T@H‘@TQE{
& (I8 T 8T T Tereh o W usre ue ufEae §
o1 1 fafma 72 g ) 273 K qen agHee
T W HrEEE | B €1 78 ek s safqererl
1 9T 81 B9 I8l <@d ¢ foF 9 o -y o

e fagm

T STl o SoAHHI ol ShIE T T8l eidl € aen ard
flor Tea €, W wreeeen wWite 7€ 21 9% TS S
o e areft oft i wfaferand gt 21 <9 < & e
I T THTH ITH GHITEG &1 ST € 901 5k ok b
0] 5o g H 9l W 21 9 U St o seaqH
% ¢ wRed T B 2, FifE T # T
Y S H TG0 i &L T ST § 9% § TR0
F R 273 K 3R T THSA 6 W =K Bl 2l

g T © o 9% o 5ol ehael fRE famie g
TS @ W E G | g ) agHesed e W
ot 315 vated o for = ara, e 3 e ==
reRgTd @rEraken ¥ gt ¥, ueted @ ‘umen
Tk a1 “ATies Tetieh’ shgetrar &1 8 fem T@
o 1Y ohelel TST-| € UREfid Bl 81 39 YehR T8
frepa Tfaer @reEen W e 1 3Ed e
frepd o B ® -
@) =F Tt wfward wu-wy B 2
() S wfmad T R 9 B €1 se o U o
%1 FoEM e &l 2l

7.1.2 SI-d™ QEATGET

g qF & Fr=faf@d = o oy 9 9uen S
Gehdl B Th U MR 1 Aferent, Toed 9/ o &
(FAeR) , &1 Tk iE (31 @IEF) & IRES e
Y Wig <4 B o § Tk 9™ T A1 ue few o
sieit ehfewam NS (A FEHRY YIHFES)
S STSiueh W@kl di i dg hl FS H ah
@M Sl 81 39k I SR il SeX Fente
o a1 1 SR o1 Tk W el SN Sodied
Teh o T (A1 U Sten) ki ity W@ ke s 2l
A 1 3@ W g4l Tord € % 9 gma g
THHT T ol | IR - oear © @R fad: fer
B ST €, Al S H T TR Tl € @R
o B Sl 1 9= T ford T Sl R S o
%9 g St @ (Fost 7.1) | 9 o sifeq | Sietery =&
Bt € =1 oSt T e Tkl ©, T ST We 1 aou
B W T e | Siol- 310t o SEe o SRl
A1 oG Sl 8, a0 o1 el w1 ST feeRr et 2l
TH o Y-GS H1 ghg- H HH e e 2
e | T B S € o el el g 2l
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THHT AT 8 2, o S-S Wi o Srupetl ot Hem
et sraeen o ded ot €, dH-99 g srawen 9
ST o T[S hi F-3TTEA H oA i I A=A
Ty B dF et Tedt |1 teiq—
Il T A0 i W ———  FEAT I
H,0 (W) —— H,0 (I™)

qrererEe | S-S g 30 < fohet i
19 W FEeR Ted €, 39 STt o1 9 Ao <[, (A1 ST
T ATSY-TM) Fed &1 K9 K1 AU AT ok 1
&1 21 A T8 T Ao Toshieiet, THeH qer 2o
o T e S, I Uferd eiar ® R 3ok O
arq-grE fafe=1 g €1 STveiiehd Sed o <& el
39 Ak STeTRiel BT © TS SHR FOMIR FH
g 1

afs A T e, ufer Yo T
S H U &1 1 mL agHSd | ol W@ S qe
T YA H TH A HR H T g0 o f9a9-fim
ST o T <A S A g9 g% uid f g gt
v H 5o 1 qol TSR € S 1 gof arse
AT (i) T 1 Ghid, (i) T T AGT qAT (i) T R
R et B1 ST 9 TE 1 agHSd § el W@l
ST €1 Al STSe Wi SR al FeeR et €, wg o ok
] HH oF R A | el S §| Fd: oaH W
FI- ST H HeAA k1 X AT HT R W HH BT T
TH% IROTHEEEY Tl 59 S1fSqd &1 S 21 98 T
ol e 1 ST @1 Gt R o e i
T BT Hord e 2

&% U H O T§ Sa-ar Tk JHee e
(1.013 bar) @ 100°C d¥ W @ fearfq & 2
1.013 bar <6 T S 1 HMT F2HH 100°C |

191

92 fewr # S@
forT 7.1: R @19 W ST &1 Grraee] &1 arq-31a HI9T

fordll s %9 o forq & aHesel™ <@ (1.013
bar) R 98 dM, TR 5a U5 a7 ArmeEn ¥ 7,
‘S 1 WM Tl Al 8| I T AUl
agHeed 6 R 9 FA B T8 TWE & S
(S=E) W ot F79t e 21 stferes S=aier ™ g e
TR Tl B

7.1.3 SH-aTT GRS

a1d & U9 el W fomm i, S8l S oy efeen
o Feduifad g €1 3% en T &l U o9 ue o
W, 9 FT THY GTA T A o9 S S ©
T HEA o WH-F T H el § g et 81 0
9 THT I 1 1 i feer e S @1 59 feefa
o HrEeRy iftd e S g1 ofd: S ST
FeATIid Blehy SIS oTod el © AT Weereel i
M w9 § 9 S Ghdl ® -
L, (3M) —— 1, (ar)
TH YR o G o 3 ISR e
FR (M) —— HPR (3T™H)
NH,CI (3®) —— NH,CI (ar™)

714 ¥9 ¥ 319 A9aT 9 Hl Tevierdr-
waet |

ol o 3|

B T 39 W T WA ¢ o &y U st ) w
Tafeera o o W= A W S| A1 =i i U wiia
A & Serd €1 A1 B0 S g o = 6 = S
3R 39 Se1 Y, i =it o fereed g 81 s fRd
A W fEu U fgerm ¥ At i) eifus faeia 9 g
H@F, ar ﬁ@ faera =t ‘W‘H T, (Saturated)
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Fed 2| faeid =1 faeiaa av w feR e 21 Hgw
oot o s1upeti it 319 eTeeen 14 faera o faoraa o
UL o e Tiden HrEER e B

4 (frem) —— = (3F)

qoI T |,

= o g Bl W = HH o fhed &l

feamtfaeaagaa = &1 FeEar 9 SR <A
el WETE 1 ek Yehid i Tag feman o 21 Afg
Wﬁ@ﬁ%ﬁﬂﬁ‘l (Non-radioactive) %ﬂ'—ﬁQEF’Tj‘H
oo ® eanifaeaar Jaa = =1 F 7 o <,
T F© IIF 9% TH M faeed TE 3 =i, oy
IR o Aeamdfoead Jaa =t o6 1] & o, fhg
HreaTEeel i Tfdeh Yhfd o RO i
e fednfraaEE == & e w1 fafEg g
Werenati 4 B 81 g Yeanfad we e e
<1 10T 1 ST qe T Sedl Edl €, S 7% T8
T feeR A a9 FEl Tg" S
ol o
e Grel-aeR 1 didel Sielt St 7, dd 90 Feit g8
He SEAFAEES T H FH AG oS G«
e ot 21 o=t <9 W S/ | e ergstiaEe
1 Tt faeteran & RO T giar €1 feer a9 ue ge
W TG % Afger A Ue w9 o ol st ok o=
e T @t €1 S -

Co, (M) —— co, (fae= #)

g e B o TEMER €1 TS o er,
“forelt a0 WX S T TE W oF faeaes o gen
% T ot won foemas & W W % Fe %
HUMUTH Erdt 817 A9 g o T-T qg A=
el St 81 CO, T i HieT-aeX T adet § Atk
@ R sk fHa 81 30 @ W T ok a5 A
3] 5o | o™ & S 81 S € et @ieft st €l
I8 & diqet & 59 HT de W I 3T=FE FH € Sl
2, T o o Feit g8 e SEeiiemEe et
= agHeda @ W TS GHEAEEA $i AR SR
Bt B1 A% We-a1eX 1 39 didet i FT GHI Th
g1 o el Big f&an o, of 398 @ @ gt i
IRETGAS Uil

IE AT ®9 § FEl S Fhdl © Th—

e fagm

() O ~ 5o, g o for argHecd @ W
(1.013 bar) Tk & a9 (o) TH Bl €,
o Al yreemd W S |1 Afs ofew
o &1 fataa 9 @, @ SH wawenstt &
T e B 2

() o™ = 34, grmee o fau fedt ffyea au
W a3 fer e 2l

(i) I H 39 i Foreherar o fog fedt ffem
T W FA § S w1 foetgar Hived it 2l

(v) %9 ® 79 & fooEa g9 % IR T H @
(A1) o HHE B
2 frepel w1 |roft 7.1 | fean wn @ -

ARuit 7.1 wifcen ArTeRen wt %o faviwand
e Trreend
Tl = o™ ffy=d a9 W p,, R
H,0 () = H,0 (g = 2
3G =7za TeR 3@ W e A=
H,0 (s) = H,0 () = 2
faera (3M) = faerm | fooram o faoa 1 g
(faera) | ffvea am o feer 2t 21
= () = =
(faem™m)

T (9 = T (aq)

[T (aq)1/[T¥ (9)]
fafv=a a0 W feer g 2
[CO, (aq)]/[CO, (g)]
fafv=a a0 W feer g 2

Wiferen UehAl W WTEITERT o @

ITFeTeToT

S ifceh el § Feft FHepm-areee o 9

sfeter frefafed B

(6] fafy=a a9 W ot a5 e (Closed System)
o € wrEee g9 2

(i) @R R A foedt stfafwand s 3 9
el 1 T Wiiaen, fohq Tl sraren Bl 2

(i) R o @t W A qo-ue feer B €

(v) & el wdifde wwa o e it 8

STt ®, 9 "Roft 7.1 | aftd Aade) o 9 e

CO, (g) = CO, (aq)

7.1.5
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AT ERT

Th % AA fAfEd qm W fer g afvig
TR 1 TE9H 2

v) et off g 571 femt &1 99 g% <9ia € fw
YR qh Uged o gd odifas whd e
i1 T M GG Rl B

7.2 THEIASE UehAl H QTETEaEAT-Tdeh
|

Ig Tet & a1 g ¢ fF §g fea § &6 9w
aTelt TR SfafRaTd siqa: arreeen ) feofa o
wge Wt €1 3 rfufeward off sifim qen wdta faeme
o HOA B Gehdl &1 59 UH T gdig stfafmaed o
<X M B S 2, @ STRIRNeRT qen ScTel S |igand
feor el €1 T8 THET W i erewen @1 UE
Tifaes ArEaern 3w Afufean (S iR 3as
H gt 9 ®) qen ydig ifafwer (e sa ga
fTehier o sgd W §) § fHert Soel Bl Bl 39
e o fau gn fafafea Soraeia sifafsan w—
faar = (o= 7.2)-
A+B=C+D

T didd oF A1 IfYERenl (A den B) I
Higdl edl © 91 SRl (C 941 D) o1 S=E Bl 2l
31 faferan w1 <0 Tedt St @ SR wdtg st
%1 T @l Sl ¢ Hereerwy ek UE feorfq et €,
el AT eAfafemanen 1 T THE 81 St Bl e feefy
o frepr o HrereEe Tuiftd B Sl @1 el S
C A1 D o o= Af9feran et off WIed bl ST dehlt
21 9 Tt off foen @ 59 wreEerEen w1 W
U 2 A+B=C+D I C+D=A+B

C 3Ydl D

Ea —>

A AYAl B

THY —> qHEER

e 7.2 : TErEf# qrEraee w1 e
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TER-Tafy g/ oTHIfn o dyev vl § qHfih
AT sh1 TMieh Yehfd shi ST ST Tehall B1 TR
+ I=9 A9 U1 I@ T SRS a1 LSRRGS hi
fafys /@ amEnew o WY Afafear s Fafa
ST T STHTAT T HET TN Hi| Tk TR T
IR AffRaT | I SRS qo1 SRR hi
Higd T w1 fo 7.4, (U 195) <@l € 6 wh
fAfeea ama o 9% F© SITHeRE o 30 T W off
STHIT BT WK W fHso7 st Geed oe a1 @l €|
fhsror o Geed 1 feear 59 o1d 1 Hehd 2l @ b
e i 8 ¢ ?)1 sifufwman i gpfd
i T ok T T 1 Ty 3% Hd-Hdd
IRy uRfefaal (6t o1 3@ w8 ™ W), fhg
H, %! S8 D, (Deuterium) & fofa &0 H, =1
D, & @ Af9fsra U T HrEEen WOgHE
gereTeren aifafea-fasor gy wtar €, g
Hfufsran-fHeor § H, Td NH, o M T % D,
Td ND, HISE &d ¢ W i g o 9%
Tl fagor (9999 H,, N, NH, @@ D, N,, ND, B
?) ® g | et o g9 % fau oig 2 8
o o =@ o 1 foavelun S W gl e € 6
SAHIfn 1 Wigar sTafafdd Wt 2

BTeliter St 39 s o1 fageiyor oM SerRHiet
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
ey fafi smifn 319 (NH,, NH,D, NHD,
T ND,) T STge1sglsH 319 (H,, HD 1 D,) ¢
S &1 394 Te Tt feherar @ for @remereen & g
off fiygor o 21fim we wdig srfafsrand gid & o SR
U W H a1 D TEV[S &1 SMHH (Scram-
bling) EIdT TEdl 2| reeee w@ifyd g+ @& 15 afg
afferan TaT B Sl @, 9 39 YRR o1 A0 W
B H9a e gl

i o gyewur o gueennfie (Deuterium)
o YA § € T Bidl @ o vErEe sifufsmanet 3
Tk qrEET YT g W ST T Yoty sifufEarsi
%1 ¥ GEM il & d97 599 [4E0 & qued q @iE
g9Te gRad 7@l giar &1

qrererEer ] fReneT g TIyd i S ehdl
€, 9% H,(g) T N, () ! ifafehan FTe NH, ()
e Shi ST 31 NH,(g) 1 o Ut N,(g) T
H,(g) IT< i S
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e fagm

Tfeh ATATERAT-BTE % fAT TR TERT

ifcrer =1 THEfTR SAfAlHaTe § e w1 Yt euwn i Sl 81 EA e Tueeht o ¥ g
79 927 ! YRR foran ST Tk 21 fohg Ferelt foremera <61 wammemen & € wef¥ e dea & 21 Frefatea
TN Yok 9 AL i 5-6 TEl o GHE i a9 @ s uwh § —

100 mL % < A9q faferet (fa 1 qen 2 for@n 81) Wd 30 cm <Adt i i <1 et oifsw) et @
E 1 Al THH B Hehal € 91 T4 3 ¥ 5 mm % el 8l Wehdl ¢ Ao faferet-1 o e W # @i
S (ST | qreREd WHTE % U e et TiF S 99d) w1 @ e fafaet-2 5 @l @ 7
faferet-1 o s oft qon faferet-2 & SEd 7oft T 21 faferex-1 arelt el o S0 fog ol el @ &g A
Td 3 el TR § R T S w6l faferet-2 ® el fafet2 § @it el @1 wE S gu @ weR
faferer-2 & fafere-1 ¥ 9o TuHaia &l 38 YR I Al st gerar 9 fafae-1 9 fafae-2 5 wd
faferet-2 @ faferet-1 o Ui STl 9R-9R q a9 TMIARd H 21 S qe6 2l Tafaed § OiF Sd o1 &1
TAE B S|

I 37 7 fafered & T foeam &1 TMER T 9 W ¥ &, a1 37 fafaed d fF 9 & &R | o™
g URedT T2t gl Afg 37 <1 fafasd § T Sl o R &1 &0 HA9: AfTHRG] Ud SRl o W80 & Y
o 3@ d N e Wehd © 1o I8 WihA W WiHA 1 ek Wehid shi SOTd il €, S A STt o1 & Tt
B W ot S @t B A B9 36 WA i fafw sarEeret | Ao S geddr @ <, af g9 <@ 6
3 fafed ® ¥ a1 o TR f9a 8171 39 < fafered & TiF oIt & &R H @ fa9 = &) Afaal o wro
Bl B

=y T = T

(=) (@)

forT 7.3 Tfde Qreraee] &1 Y599 (F) RIS 37aeer (&) S7faH S1awer
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\smsﬂw (ATTFRE)

oeR digd@m —>

SRS (AfHRI®)

AT S

g1 —>

a7 7.4: sifafwan N, (g)+ 8H, (g) = 2NH, (g) #t
Grereree] 1 &9
N,(g) + 3H,(g) = 2NH,(g)
2NH,(@) = N,(g + 3H,(g)
TH YRR BH A9fsHaT H,(g) + L,(g) = 2HI(g)
W o Y| A B9 H, Tol 1, o SIeR-ae GRf9eH
qigon 9 stfafan & &L, @ Afaferan s1fim feen o
SRR B H, T 1, 1 W& %7 8H @ ¢ T HI
T HISAT TG TN, 56 qeh SRl Tfd 7 7l
ST (o= 7.5)1 PR 89 HI § & & TfAfhan
foadra feom o g9 <, @ HI 1 9igar &9 gH TR
Tl H, To I, sl Higal 99 T Sedl @ S qoh
qregrereer TArtad 9 8 e (o 7.5)1

HI

Ear —>

HI

g ———> qEEn — T

faT 7.5: Hy(g) + 1,(g) = 2HI(g) 3if4lskan 4 a7
qrerEey el st fren | wenfyd g gedt 8l

195

g fAfeed sTaaT & H T 1 o TEmsT &
Fa HEe FE B, A IR’ TH Y ATRHGI o
sfafsran g€ =X, I YE IR T8 Freeen
g e g 2

7.3 s QAT & fam aar
ArRTaeen feria
e § ARl Td SRl oh S0 i H
fagor’ wed 1 e o TH WM § 9 fago o
e & Hey § 3 Yl W 89 faur &3 T
= fasor & Afieen] e SRl i Fisdrett |
ey B2 URIYeh Figaistl 9 9 Gigarsl i hd 10
fman <1 gl 27 9 a9l o HEed &l %A 9
FF qRafdd FX ehd 72 siEifies sfie o swamh
TEEE ¥ — (H,, NH, T CaO) % Heel & fag
MEYTF Tl 1 TuRer ohg feren Sar 872
T U9 o I & o g9 f=fafed amm=
IRt srfufsran W famm w3 -
A+B=C+D
T2l 39 Hdfera gl & A qe1 B 1R
Tl C 991 D IS 81 3k Schuvit srfafsmaneti o
TR e oh SMYR W Afe o TEEERl ohel
Hfeafafer qee (Cato Maximillian Guldberg)
Qﬁftﬂ?{_orlﬁ (Peter Waage) af“v'FL 1864 | gfqurfed
feon & fodt fagor o wigaet & F=fafed
- HehT0T GRT ST S Hehell T
x - [C][D]
= [A][B] (7.1)
T8l K W feoris € qon 6 S F1 e
‘e feeier oo hEddl €1 TH AT -HHIeRTuT
H ‘g oIgdt fwen @1 M’ (Law of Mass
Action)‘lﬂ_clﬁﬁgl
T[] A1 ATt g HfadTisd geral i oT=st TE
W%WWWW(SeaIedVessel)ﬁ?Sl
K W 4 H, T 153 1, & o= sfafern ) TR
| 39 srfufsran o1 stemm fafve wrnfites aRfarfaat
¥ B: TR g fRen -
Hl@ + L = 2HI{g
1 9 1 | 2 T
Tl W) (1,2, 3 T 4) ¥ & YRS § 5%
wE | hee T H, T T 1, 91 I&E A
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196 W fogm
URult 7.2 YRFWE UE WEmeRen W H,, 1, Te HI %t |igand
T & MfisTeh "Wigar /mol L’ WIEETAT U |igdr /mol L
[H2(g) ] [I2(g) ] [HI (g) | [Hz2(g) ] [12(g) ] [HI (g) |
1 2.4%x 102 | 1.38 x 10> 0 1.14x10° | 0.12x 107 2.52 x 10>
2 2.4%x 102 | 1.68 x 1072 0 0.92x 102 | 0.20x 10 2.96 x 10~
3 2.44 x 107 | 1.98 x 102 0 0.77 x 102 | 0.31x 10° 3.34x 10
4 2.46 x 102 | 1.76 x 10? 0 0.92 x 107 0.22 x 10> 3.08 x 1072
5 0 0 3.04x 10~ | 0.345 x 10° | 0.345 x 102 | 2.35x 10
6 0 0 758 x 102 | 0.86 x 102 | 0.86 x 10° 5.86 x 10

gIEgoH Ud e o faa-fie |igor o @y e
T S GHI 9% 9] 9 H HHO o W1 HT Ao
feer 71 T, steiq—grEreRen wfd @ M =
AN (. 5 WH 6) ohelel T HI oot IR fery )
9 YR faqda sifuferen ¥ wrmemen wonfya gsl
greft 7.2 § 3 @t ®: W@ o stfee fRu T g

TAN-HEA 1,2, 3 T 4 W F€ @1 S Gkl @
foh— eAfoehd H, o Hidl 1 H&A = A9 1, o A
T & = Y (IR HI o Al Fi G&)

TAN-HE©A 5 q 6 W BH 2@ © fh—

[H,©@],, = L©],

el W fehRehl Ud SRl I Higdl o
e Hev T@nfyd s o Ty &9 &8 demamnet o fom
¥ W9 Ehd 21 e U T e ohSe W OEd
faamr -

[HI(g)],,
[H, (@) ][L©)],
WRUN 7.3 ITFRHGI o AT HAigdT-Gael ssieh
H,(g) + L(g) = 2HI(g)
. [HI(g)],, [HI(@)]Z,

TS @l @, | L@, L@,

1 1840 46.4

2 1610 47.6

3 1400 46.7

4 1520 46.9

5 1970 46.4

6 790 46.4

qrot 7.3 ¥ fU MU kel @i Ferd 9 ik gy
SRR TS IR 1 ATTETE-TEdT 1 ST
o § W, a1 39 sk 1 99 feer T&l, afew
fm-fim g (ERelt 7.3) 1 afk &9 fr=fafea s
S

[HI@T,
[H, (@), |[L@)],
@ gm wd fm w3, wa ¥ 9 e fer
M <1 & (S Gl 7.3 | fa@en w0 €)1 98 <@
S Tehal B foh 39 oo § YRRl Te I
jEIT?{U]:fffETI?T(Power) wmaﬁ%ﬁwﬁsﬁ
ifaferan o TR o fod 3ok TqEHieR oI
T‘W (Stoichiometric Coefficients) %I TrTeER o
TH SE oF WM ) ErEEe el wEl S @
A T K. Welieh GRI SR ST §1 36 Wb At
H,(g@) + L(@) = 2HI(g) % felT K, s7eiq aremereen
e 1 39 ®9 ¥ foran s 2—
_ [HI@L,
© @), [LE)],
W 3T 7T Ao, Agd o I_Ih o €9 F Sl
‘eq'mw%,ﬂﬂw:ﬁﬁ@w%,wﬁ
g A ST € R K % oS H WiEdl w1 HE
e W 81 ord: eH forad -
_ [l
© [HO)LE]

(7.1)

(7.2)

(7.3)
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AT ERT

R ¢ 3w € fF K 1 W EiEm %
A mol L ¥ =k foran T 21
feu e fodt am w Afafmar-sasl =t gisar e
SRR T Fxdl o OGS 1 ST R @ar
21 TH A THA Wigdl oF HH o fou Hferd
THEE T | ARl TS SARl o ™
YHIHIOIEAT TN i STh! HgdT & ok o6 €9
o o foran S 21
Y YR Tk HHH 39fRAT aA + bB = cC +
cD & foru arerazen feemis &1 f=fafed 9w 9
e foRa Sl B—
K _lcr or
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o ATYHhRH
(A @1 B) B H B B Yl Higal (Seoned- [C,
[D] 3f%) <! Hqfera eifufsren o TomietoHd
I Ui ok Wl oh ®q § e fehal Sl B
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) tfwfwan
% fou grerewen feotis # g9 39 ®9 H e
T B

(7.4)

_[NOJ* [H,0)°
" INH,]*[O,P
faf\= sreal (Species) 1 HICR-TIEdl il S=
TSR ISk H TaHT I ST € T 28 HAT STl
2 for 3 wreeren wigad €| W@ o wgd Sevash
B, 99 qh W feis o ofse § yraeend
(39, 5@ = T\) T fae S T
T I SO N Seed 29w,
- afg R rfafwar gefieor w fFE s (Fac-
tor) § TOT Y, A ArATERe feeridh o faw e
fored a7 =18 gHv=a wa =y ff 9% e 39
fadad &l ot e H

arfafsran H(g) + L,(¢) = 2HI(g) (7.5)
& | S I 39 YER forEd B
[HI]?
T IH,IL] (7.6)

a1 wdta SAfAfshan 2HI(g) = H,(g) + L(g) o fag
T Tt SH 99 W 39 YHR Bhm—

197

, HL] 11
Ke=Tmr "Xk 7.7
T TR,
.1
K.=% (7.8)

SohA ATATRaT ot wrETaRen ferie 1fim
arfuferar oF wreETaRen Redie & IeRT BT £
IR rfaferan =i 39 w9 ° famq ®

v H,(@) + ¥ L(g) = HI(g) (7.9)
TreTerEer feerier 1 M Bm—
K/= [HI] / [H]'°[L]'? =x'2=K /> (7.10)

39 YHR A T THIHO 7.5 &l n & TOT &,
al @AfAfsRan nH,(g) + nl(g) = 2nHI(g) T BH
T TEeh wrEEd-fedie H WM K® BNl T
RO 1 WRON 7.4 H SRR TR T R
WU 7.4 Teh WHT SGRAUITE TTATHAT oF WTTaest
ATk THIRIUT ATETET
Teeian

aA+bB = cC+dD K

(&

K =(1/K)

cC+dD = aA+bB

naA+nbB = ncC+ndD | K, =(K)

TE1 % &AM e =IeT & K 9 K o 37ifheh
7 fom 2 €1 sufe a7 savas @ o am-stemen
e @1 AM forad w9 Hqfaa TE™te FHiH
1 SeerE F
IITEIOT 7.1
500 K W N, 91 H, ¥ NH, s-4 o <A
e o et |igard 9w g9
N,] = 1.5 X 10> M, [H,] = 3.0 X10> M @Il
[NH] = 1.2 X10 > M. Srereen feerie &t om0

ifsra|

&'
AR N,(g) + 3H,(g) = 2NH,(g) o foT
e feotis 39 ®q § for@n s wehdl g—
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_ e (9T
[N, (2)][H, (2)]"
(1.2x102)’
(1.5x102)(3.0x10)°
=0.106 X 10* = 1.06 x 10°
SETEA 7.2
800 K T 31fHAfshaT N,(g) + O,(g) = 2NO(g)
% fore areeren Wiz ffafed §-
N,=3.0 X 10°M, 0, =4.2 x 10°M
T NO =2.8 X 10°M
sifafsran o forg K &1 @9 @1 Bhm?

&
sifuferan o for wr= feemis 39 Y& foran s
kel &—

_ [nop

° N,][O,]

. (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

7.4 QU QISR

fordlt T fepma o el ifveis wd 3R T
THE JoEe | 2 €1 331l ok feru— e sifafwen
N,(g) + 3H,(g) = 2NH,(g) # YN dqo1 g
geft g -y § 2

T THR

CH,COOC,H, (aq) + H,0 () = CH,COOH (aq)

+ C,H,OH (aq)
dem Fe®* (aq) + SCN-(aq) = Fe(SCN)?** (aq)
afafeenett ® |t AfyeRe qen Iaurg gHm
foaera-wreren o € o190 B0 S gui afafmansti o
qreaEeT-feefid & 9 ° TRl
7.4.1 T T | wrErewer feris (K )
T 1ot deh YRRl TH SISl o HioR |ig0 o
®Y § grEe femis %1 e R § e =9
T K g il 21 e sfafwerst & fo
qreTeE fEerieh i ST @ o ®9 ° YR T
fereh gaerere 21

e fagm

RSl T-HHiRoT (Theh-2) i W TH B |
e H o

pV = nRT

T

n
= —RT
b \%

&l <M (p) I bar U, 19 T BN ! Al i
T 'n' g SEEH, 'V i Tt (L) ° qen 919 i

hfead (K) H e it | p=CRT(%=C) ESRED

'R’ %1 | 0.0831 bar L mol'K Bl B

S n/V %! 84 mol/L H = & €, @ 98
IS ¢’ T |1 31a:

p=cRT

feeR qI9 W T 1 I Ik WK S FEU
S FA p o (9] ord: S Hae ahi
p= [T9] RT & &9 § *ff foran s gear 21

Hreereen H SR Hy(g) + L@ = 2HI(

_ [T
* K o, 9T (@]

2

SPEI K. = (p(HI;;H()pIZ) (7.12)
E‘ﬂ%ﬁ Pu = [Hl(g)] RT Py, = |:H2 (g)] RT
qen p, = |:12 (g)] RT
FHfery
o ) _ [M(T[RTT
" (p,)(p,) [H:(g)]RT.[L,(g)]RT
[Hl(g)] (7.13)

“meLe] -

ST SR H K =K, § 7eiiq 3 Sremeren
feeRiont o I SR €, fhg g% =89 T T 2 R
SR W fau - aAfulEd N + SH(g =
2NH,(g) |
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(Paar, )’ _

[NH, (g)] [RTT’

199

" (py,)(P,)
_[ve, (g)] [RTT
[N, (g)][H, (9)]

i K, = K, (RT) &l
TH YRR Teh HHT T sifafma

K_(RT)™>

aA+bB &= ¢cC+dD
K = (p(cz)(pdn) _ [C]C [D]Cl (RT)(C+d)
’ (pi)(p;) [A]a [B]b (RT)(a+b)
[C]: [D]i (RT)(c+d)—(a+b)
[A]"[B]
= m An An
K= [app 1 R

[N, (g)]RT.[H, (g)] (RT)’

(7.14)

(7.15)

T8l Hfera TEEte Sl § An = [(TE
SRl o Hil i TEA) — (T sifafwasni o He
F Hem)| 21 T TeEwrE € R K o w
A T T HH bar B WA 6T, Fifh @ Hi
rETfOTeR S7ee 1 bar 81 T | W A © T 1

pascal, Pa=1Nm= d 1 bar = 10°Pal

el 7.5 | e A Afuiwanet o fow K

@& o+ f&T T R
WU 7.5 W FB FAa STAfhATST oF wrmawdn
feertien K, o a0
arfufsrar " /K K,

Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°
400 41
500 3.6 x10”

2502(g) + O2(g) = 2S0s(g) 298 4.0 x10*
500 2.5 x10"
700 3.0 x10"

N204(g) = 2NO2(g9) 298 0.98
400 47.9
500 1700

2020-21

3ETET 7.3
500 K W PCl,, PCl, 3R Cl, Sremeeen | § qen
Tt HAY: 1.41 M, 1.59 M T 1.59 M T
sifafshan PCl, = PClL,+ Cl, & AU K, 1
UM RIS

'
IR Afufsran o fou wmamezen feris =9
®q | e foha S Hehdl a—

_[pei][cL,] _ (1.59) 79
¢ [PCL4] (1.41)

SETEITT 7.4
79 wifafsan o U 800K W K, = 4.24 &—
CO (g) +H,0 (g) = CO, (g +H, (g
800 K W CO, Td H,, CO ¢ H,0 &% ¥
T FIEHS 1 T KIS, A IRA H ohore
CO a1 H,0 B Iufeerd Bl a1 Yoieh i Tigdl

0.1 M =l

'

frafafea sifafsen & fau:

CO (g) + H,O (g) = CO, (g) + Hy(g)
IRT H :

0.1M 0.1M 0 0
g I
(0.1x)M (0.1x)M xM xM

W&l " R CO, T H, %! W51 xmol L 21

314 g feeier 1 39 YR foran ST Hehel ©—

K, =x"/(0.1-%" = 4.24

x> =4.24(0.01 + x> - 0.2x)

x> =0.0424 + 4.24x”— 0.848x

3.24x°-0.848x +0.0424 = 0

a=3.24,b=-0.848, c = 0.0424

T fgamd Tl o fatax®+ bx + ¢ = 0,
(—biM)

2a
x= 0.848

X =
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+./(0.848)” — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848 +0.4118)/ 6.48
x, =(0.848-0.4118)/6.48 = 0.067
x,=(0.848+0.4118)/6.48 =0.194
AM 0.194 1 SUST sl ST Tkl B, iR
igar § e 2
3T TG W HiEa 3§,
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] = 0.1 -0.067 = 0.033 M

IS0 7.5
39 9= 2NOCl(g) = 2NO(g) + Cl,(g) 3q
1069 K MY T 91 s K, &1 A 3.75 X
10° 81 38 99 W 3= sAfafmn % faw K,
TUMT I

T

T W € R

K, = K RD"

S sifafsran o fa,
An=(2+1)-2=1
K,=3.75x10" (0.0831 x 1069)
K,=0.033

e ot o AT

el K o1 W fehierd 999 FWiEv S mol L
H @ K <1 W fehrerd §we SAiferh <16 F Pa,
kPa, bar 319@T atm ¥ =7 a1 ST ¢ 39 TR
qreTaen fEeish 1 AT |igdl A1 {76 o [HE T
T B 1 TS Wreee S5sieh o 39 § SIdishi i
I B H WiRl o A °oF aWeR Bil sifufema
H,(g) +L(¢) = 2HL K qM K, H %S Al el
g1l N,0,(9) = 2NO, (g), K, %1 6% mol /L
qeM K, %1 5 bar

I} AfYhHRER] T IR ! THI0Th TN |
fam wmu @ grerewen feeriwl #t famEA
(Dimensionless) A= § =a 3 ¢ STTRNER]

e fagm

TH SR HI JEIR Fereen § Y 19 R qrEifirs
FETE T bar il 21 36 YR 4 bar <@ JHE0H
37X o WU | 4 bar/ 1bar=4%ﬁ?ﬂ%,3ﬁ
fommeia 21 Tk forer o ferg wmifores stereen (C) 1
HIeR foera & 9o 1= Tixand s6t o qrder o ardt
STt €1 |reEfeRis 1 Sfifhd w9 gg qraeR
T W st R B1 39 R 36 woned # K,
q K, 31 fomea aferet & forg seent stifher o=
ot yHIfoTeh STareen B o RO i B gk 2l

7.5 Ta9HTT QrETSReT

T © 3Tk grereen arel e o wonfud e
1 * FroHiT HreTeEen’ el S # 1 SIEI0 o fou-uw
9 9E H S@-ar Ud Sa-5d oh od eenfud
Frerereen *fami wreeEen’ 2

H,0() = H,0(g)

T W H UH AW grEwer qo g 5
e €1 Tl TE 39 U $Heh Gqw foerdd & ot
Torifie ST ot fororei W 1 S

Ca(OH), (s) + (aq) = Ca** (ag) + 20H(aq)

Torsmr AreTaEenst | Sifued YE 39 A IS
59 9 o & T greEmeen (e 3 3| @
IS ST @) o WSS hl T AT S
Tkl B, T G S T I %o 1 HieR HK0
It A W el 72 e, afess frer gran 21 g
YT TR W T Ge1e X I Al S Al @,
[X(s)] TS [X()] % " R e B sueh fawda af
X' 1 an ferdt fAfyea emad o et €, @ [X(g)]
TN [X(aq)] o AH ft e €1 78T 79 TH Tk T
el faoHIT TERS Freee shfcHad Hae

& i foe @ foamn Ha-
CaCO,(s) = CaO (s) +CO,(g (7.16)
SIS TR & MR R &9 forg wohd € &
_[CaO(s)][CO, (g)]
‘ [CaCO, (s)]

< [CaCO,(s)] T [CaO(s)] THI fEeR F| zafery
I Tfuferan o fou oRefieha areamawen feris
K =[CO,(g)] (7.17)
T K, = Peo, (7.18)
T T B ¢ R fAfvea @ W co,(g)
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AT ERT

%1 T Ti¥=Id Higdl 1 <@ CaO(s) &1 CaCO,(s)
o WY greEEen ¥ Edl §1 WA S WO
e § T 1100 K W CaCO,(s) Td CaO (s) &
T FrEerl W 3 CO, 1 < 2.0 X 10° Pa
2| ZHfT STl sAfafsren o foru wremereen feenis
1 O 39 YR BAM—

K, = Pco, =2%10°Pa /10° Pa =2.00

T YRR Tohet, e AFISTFIES Te Hohal
SHTeiTTe] oh sie Tefyq faom areeeen (fohet o
YfgHT o Ug) FHIHR —

Ni(s) +4 CO (g = Ni(CO), (9
o wrerereen feeri® 1 A 39 w9 H for@n s 8-
[Ni(CO), ]
[col’

g wIH R T arearaeen Tenfya g9 o foe g
wrell Wt Suftefa savae ® (9ol € S /e eiet
8l), Tohg 3Tk FX01 A @, AreATearee—feri® &
=iesk | 7 g o1a: " feafd | 3g %9 @ s
I I G- el oF o § 7@l for@n Sl
21 arfafran—

Ag,0 (s) + 2HNO, (ag) = 2AgNO, (aqg) + H,0 (1)
T e fiemis %1 WH 39 ®9 § for S e

c

_ [agNo, I

K 2
[HNO, ]

c

SETEIUT 7.6
Sl Co, (9) + C (s) = 2CO (g), & fag
1000 K W K, & #7F 3.0 21 A ure
Pco,= 0.48 bar @ P, = 0 bar & a1 Y5
UhTge Iufterd 81, @ CO ¢l CO, & 9 W
IR TM@l T IO HifST
'
39 sfafsran o fou—
I CO, @ H HHT x Bl q—

CO, (g +C(s) ==2CO (g
URH ¥ : 0.48 bar 0

201

H W : (0.48 —x)bar 2x bar

_ p(Z:o
% Pco,
K,=(2x)?/(0.48 -x) = 3
4x” = 3(0.48 - x)
4x°=1.44-x
4x°+3x-1.44=0
a=4,b=3,c=-1.44

(—b ++b? - 4ac)

2a

X =

=[-3+ (37 - 44)(-1.44)]"/2 x 4
=(-3+5.66)/ 8

(% x T OH FUTHS 7L BIaT, 3Td: T AE

1 I HT 2 B)

x=2.66/8=0.33

wTE R A < % $H R e

P.,=2x=2x0.33=0.66 bar

Peo,=0.48 -x=0.48-0.33 =0.15 bar

7.6 TR RRe’ieh oF STWANT

greraEe-feeris & SyarT | faur 3 9 ugd

T 3He AfafEd Few@yel aae W e 3

%, WAEE-feRi® 1 F9e af STEr B €,
S AfTHRET TF IR i Higal GrmeEen W)
feer =1 Sy

@, grEe-faedie w1 UM SfYeRel U IR
1 R digar W e & we 2

T femi® &1 AM TH Hfad THHO R e
T TR o fou ffvea am w= fafirse g
2, Sl A9 "o o WY aeerdl 2

H 3opd Afuferan w1 wrmewen-ferd  eadt
sifaferan oF ArTERe-ferie o WF &1 kA
Bl B

T, fordl sifuferan o1 wrmeen-feli®d K 39 9
sAfufern o araEeen feris 9 Hafud a6
Torent Tt o sAfufshan o6 qeieeo § et
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DI quIfh F TOT A1 AT < W Y Bl B
379 T qreae feried o sy W foaer
FHT qA R FAN FAfared foget 9 dafud gei
o IW 3 H w4
o TrETIE-ferich o URAT T Terar W e
1 HHT 1 STIHE T

o fYferan &1 fS¥M &1 Tar o TS
o QATEEA-HIZUT i UM FHIAT|

7.6.1 STAfRAT st HHT T STTHAN T

TrTae- TRl &1 Affher AW AffRan & i
1 1 €, Wq F ST Hewequl @ foF wreeen
e 9% =&l aqanar fo Areamaen ffg T ¥ ura
T 2 K, A K, %1 TRAT SRS T 3 G
B © (R Te reRe-fenie FANEH F
(Numerator) § forar S 2) den ferarement =
Tl o SFRHA el € (Fifh I8 Hoih o &
(Denominator) ¥ fe@t STt ?) | wreeEer fenis
K &1 3= A S| &1 S=d Wigdl & 9 &l 36
R K 1 F01 9 Sl o =1 A w1 gwifan 21

= fasgor o Heed 9 Hafya fefafaa e
ﬁwwm%

I K, > 10° 81, A1 3R IHehReh &1 qorl |
ST S AfE K T A TR AR ©, @ st
T quidT o fehe BT 21 SereToned-

(%) 500 KW H, @ O, F! AAfha Frameen 3
feeidh K, =2.4 x 10"1
(@) 300 KW H,(g) + Cl,(g) — 2HCI(g);
K. =4.0 x 10°'
(1) 300 K| H,(g) + Br,(g) — 2HBr(g);
K.=5.4x10"

A K, < 10°, 3ifYeias &1 go o IR ®H
B Ak K, 1 I o709 7, @ sifafman geie srawen
o & Hud et 81 Frefafiad seew g 98 T @
ST 8-

(%) 500 K W H,0 & H, a1 O, § foeed =
ar-frerieh ogd %9 € K. =4.1 x 107*®

(@) 298 K T N,(g) + O,(g) = 2NO(g):
K.=48x10""

e fagm

Ik K, 10° ¥ 10° 1 W (Range) ¥ Bl €,
@ IS q AR R ST T WigdTd Hardseh it
2| FrefefEa 3@ W foaEm s W

(%) 700 K W H, 71 I, ¥ HI 94 R K, =57.0 T

>W

a:rq»‘”rw| K,
sifuferan wfeT 1(|)_3 l 1(|)3 sifaferan e qofar T
9 &t 7 AR S A ¥

sifuert® qen fFaThas -
A R Sufatad §

ferT 7.6 K, W Af4fsha1 &1 91 1 (747 e

(@) 3 TR T 3= sfafsRan N,0, 1 NO, H
faere 7, forger folw 25°C WK =4.64%x 107,
ST Al wH 7 SR T SN o g fagor o
N,O, I NO, %I HiEd HarTsmeh sl 36
= 1 fa 7.7 § <ertan T 2l

7.6.2 tfuferan =t faom = Sy
3fTeRRer Td el oF fordlt erfaferan-fagor & sifuferan
HI feem &1 Uar e § ot wreraRen femis @
I fepa a1 B 1 5ok fow ew srfaferar wrTwet
(Reaction Quotient) 'Q’ 1 TOFT hTd B | e
e o1 € W ifufewan varmwa &1 ot sfafswan
w1 fopdlt oft feerf of fore aRenfo (AR |50 6 Q.
qen SiferR <@ W Q ) o T Wk 21 et T
arfuferanr & fog
aA+bB=c¢cC+dD (7.19)
Q.= [CI[D]* / [AF[B] (7.20)

s @ > K_#, i sfafsran sifaepresl &t 31
swEfa et (foadia sifafsan)

e 9 < K @, df sAfufwan IRl & sk
smrEftd e,

I @ = K &, qf srfafswan fHsor amameeen
o Bl

H, & @ I, & T afafea | fa=r
T B

H,(g) + () = 2HI(g)
700 KT K_=57.0
A fob g9 [H,]=0.10M, [L], = 0.20 M
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AT ERT

SR [HI], = 0.40 M. fern
(W Hopd W UEIE t H A a8 € fR
Tigared 1 A fRE ww ¢ W fRe €, 9 f
= W)
39 TN, ATAfhal AR @ Afufshan &t 39
fearfa o feam &
Q.=[HI)?2 / [H,], [L,], =(0.40)/ (0.10)x(0.20) = 8.0
T T Q (8.0), K_(57.0) & SR &l 71 370
H,(9), 1,(g) T Hi(g) 1 fasmor @ o 7 1 gehferg
H,(9) T L(g) Tfafsan ook iR sifesh Hi(g) sHmds
T Ik HIKU q9 q W, S q% Q =K 7 &l
)
AffFa-9rThel @, 94 Ko WMl 1 ol
wh Sfafma-feen 1 9y @ F ST 2
TH YR, AfafsEa & foen o Heaw 9 ww
frefefad amF sRon 71 g &
o AR Q <K @, @ e afufma o ¥ <€ @R
SR Bt 2
o AR @, >K B, T afuf € ¥ 96 R
SR Bt 2
. qﬁQC=KCﬁ,ﬁﬁ€ﬁWH§ﬁ?ﬁ%|

. e
g

AfRE —> IAR SAERE R STVERE <— SR
I gremaee |

ferr - 7.7 Afuferar &1 feem &7 ity

K,

ST 7.7
2A = B + C df4fsean & fau K, &1 @1
2x 107 2l

fRu o gqa | sfafwan-faso o1 §5eA [(A] =
[B] =[C]=3x 10" M ® fafsan M ot fem
o swfad erm?

&

siffsran o fom sifaferan arree Qﬁliig
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[A]=[B]=[C]=3x10"M
_[3x107*][8x107%]
; [3x107*P B

3 YR Q. > K, g6fer Afufsean fawdia feem o
sfad it 2

Q. 1

7.6.3 QT HEAr3l ki TUMET

g, @ freafafead 3 9= 9 38 a wE-
ug 1 : v & fau ggfaa gt faa
Ug 2 : Fferd THie0 o forw weh grof A, fes
sifafsren o fafed yoies usred i geteg e e
(&) URfyesr Argan
(@) Hreqeeel WS o foe gigar | afteds 31
() HIEATEER Higdl
ARt 99 H TR U ifueies i digar &

x o ®q H, S GrAEE W E i aReifi w3
frr erfaferen =1 wEHemiada 9 o = et i
il &l x o ®Y H o Hil
US 3: x &l A HE o G0 G THIEHWO H G
gl sl Siaeeiid id &1 A S9! a7 gHieto
A 1 B, A TE A T g, TS qHEfE
1 2l
TS 4 : YRerfad UM o SR W 9T HigaieT i
AT I
Ug 5 : 3= G gHteo o wiaeenfud & o
RO 1 S

IETEIOT 7.8

13.8 UM N,0, &l 1L 9= | TN 9l © df 39

YRR G w©fid e e

N,0,(g) = 2NO, (g

Ife Grereel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh T i o1
Hife)

&
g9 SMd € f% pV=nRT
el A (V)= 1 L
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IR (N,0), =92 g

Tq o At =13.8 g/92 g
=0.15
Tg-feei® (R) = 0.083 bar L die ' K
a9 = 400 K
pV=nRT

px1 faeX = 0.15 d9@ x (0.083 bar L
mol ' K') x 400 K

p = 4.98 bar
N,O, = 2NO,
YRY H  4.98 bar 0

T W (4.98 —x) bar 2xbar
Hd: W& W Pga = Pn,o0, T Pro,
9.15=(4.98 - x) + 2x

9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
T W A qE,

DPn,0, =4.98-4.17 = 0.81bar
Pro, =2X=2x4.17 = 8.34 bar

2
K, = (pNoz) / Py,
= (8.34)°/0.81 = 85.87
K, =K(RD"
85.87 = K (0.083 x 400)'

K,=2.586=2.6

SATEI 7.9
380 K W 3.00 Hiel PCL, 1 1 L &% 95 | 1@l
ST | HETerE W fH07 1 Geed wa Hifsg
If% K. = 1.80 @I
T

PCl, = PCl,+ Cl,

TRIH 3.0
WWPCI%Q‘&TWﬁ@meIWﬁH
B ) qE-

T T (3-x) X X

[PCL, ][CL, ]
K.= "IpcL

e fagm

1.8=x"/(3-%)
x+1.8x-54=0

x=[-1.8 +V(1.8)°- 4(-5.4)]/2
x=[-1.8 +V3.24 +21.6]/2
x=[-1.8 +4.98]/2
x=[-1.8+4.98]/2=1.59
[PCL]=3.0-x=3-1.59=1.41 M
[PCL,] = [CL] =x = 1.59 M

7.7 ArETaedr freier K, ITFafeRar
WNTReT g T fisst Stt ¢ W Hae

forelt safafsran o foru K a1 w1 sAfafsran =6t wifaent
R fieft T e $1 S o ST UEE - 6§ Ug qF
g, 7e aAfafwa 1 somiast, favva: fies o o

fadd W R e 8-
IfE AG RUIHS B, da fufwan wd: gefdd
A S © qen 31w feen | wue ' 7

I AG U €, T SATHihan o eifdd &l
BAT| TR ST TelT9 TR 89 AG Fe0Tcdsh Bl
31d: 379 AffoRan o6 3] Afvere | aRafda =i
ST

AR AG T B A, Al FrmEeen &l ar
A

T SHMIAE qeF i R 39 GHIHTT ° i
I TR B

AG =AG® + RT InQ (7.21)

Sefeh AGe Hieh fiTsst St 21

el W S AG=0 T @ = K_ B,
THIHTOT (7.21) 3@ YR B

AG=AG®° +RTIn K =0 (K o M WK A

B0)
AG® = - RTInK (7.22)
InK =-AG® / RT
T AR gfders ToTH T R—
K=e AG/RT (7.23)

37d: THIHIUT 7.23 1 SN T, AG® & Tl &
w9 W Aafshan o1 T el shi THHET ST Fehell 3—
IR AG® < 0Bl @ —AG®/RT &I BRI 37d:
o6 51 BH Y K> 1 B, S tfaferan ot o afdar

2020-21



AT ERT

1 qien € steen o fgen ® s@ i 9 Bl @
g fF 3R ety o &1

e AG® > 0 @, @ -AG°/RT FHUTHE BRI
3T: oa6°/RT o1, BH W K< 1 B S stffeRan
#1 e yafdar <eiar @ erfufwer smr feen o
39 #W dF e T, e SR gFam s
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1 SRR B IEMI— N, T2 H, & ST o
HYIT0T o B UohH H UEifieR aRftefa w1 =ee
Ireqa | o1k w9 W Hewqul 21 fava et @
aiftier Seared 100 Tofer 27 B1 g6e1 g1 s
ST o B9 H Ea 2

wrepreree feertiss K aRfveh wigare o e e

IETETUT 7.10
TAEHIAE G § TR % HIThRISAYH oh
feIT AG® &1 9H 13.8 kJ mol* 21 298 K W
K, 1 | T i

&
AG® =13.8 kJ mol " =13.8% 10° J mol ™
AG® = -RTInK,
In K, =-13.8 x 10°J /mol
(8.31 J mol ' K x 298 K)
In K, = - 5.569
KC — e—5.569

K, =381%x10"°

3ETET 7.1
T o TA-30E ¥ ToE 3R TR
freferfea sifafsman o ear fiea 28—

Y9 + H,0 = THhIE + T
300 K W afufsran & fau dnerewen feems
K, 2x 10" %1 300 K ® AG® % M &1 T0HT

HifsTa|

&1
AG® = - RTInK,
AG® =-8.314 J mol 'K
x 300K x In(2x10"%)
AG® = - 7.64 x10* J mol "

7.8 | ol YT A a1 Shileh

TEETTH G % Y@ el W W U 98 © f
AT HS oF A9 o WY SRR H1 Il o
stferehan afterds @f, fomer 1ol 8— saRl &1
STfyehay afed a9 qe I st geam qRiEfE 9 2l
Ife T 7L e ®, @yt giifefas o aiteds

Tl B T A Arerereeeet fohdt frenm o etfirerrent
71 IR | ¥ Rt Th o wiger § qiedd fean S,
At Fren o reEeen FEl ® I ® qen e st
T q9 d el w@dl §, S dh (e § O
[reTeeel Tfud < 8l SU| Yraeell Jraese | g
T Y9 TF 3l i faeEd & 9R § B9 Yed € U8
9o 1 &0 78 ot 3@ 9ok € foh a0 %1 ufeda feg
TR Bl €1 7 ot s S et @ R fRd am w
afg erfuferan o5 Araraen-feeris =1 9= I @
foret Ry wisor § 39 ifuferan o el w@
S} o GreATeE | GIgUl i UM ki S Gehdl
el qeh T g Al G feerisr o1 a9 & Wy
ufedd T ot @ B, @ e e T ar-vmatag
fagia &1 9 9 uRfeafaal & uftads 9 grmeen
TR YA YOS o 91 H oM R g g e
T 21 39 Fagid & T7eR ferelt Torerma =it wmearerar
ufiftarfaat 0 fuifta wee™ wre (|,
TE U am) § | el ¥ o ufeds g w
ArETaeen 39 faon # arrew g 21 e frea
T TN E3 YA T AGST G &1 W T8
off ofiferer T TR TrEEES | @] g €1 Th
g fagor & Heed &1 9iafda @ & fau eq s
FHRH! F1 ITAN AT S HhaT B

frAfafad Suesl ¥ g0 grmEeer WO,
T, A9 TE IAE o J9E W faam F—

7.8.1 Wigal-URadT & 9

A S9 foedl SIfYeReR/3eg & stfuferan o

e =1 e § wreeren gREfdd B ©,

THHT ATAA - fagia’ o SER T e

S Hehdl B—

o YFHRH/IER Fl fHAH ¥ Higdl | IS I9EG &l
1w o forg eifuferen 39 fSem &1 3R 3R
Bt €, difer fHere 7wt <1 SUET € Tl
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o AfYYHRH/IAR o TR ¥ Higdl W a6 Hl
&Y F o fou stfafean 39 fen &1 3R s
Bt ® aifer safaferen o faerel @ aaref 6 ofd
Bl ok 3T IRl H—

‘e Tt erffsran o IRl o 3SR § 9
fopelt Wk 1 off Qg HrEerEen W e faAn S §,
q GreraEen s oF Heed | 39 YR qiadd giar
2 for Higor URerd= o 0T TEHee FHE HH S
3= = Sy

AR, H,(g) + L,(9) = 2HI(g) fufshan W fo=mr
F| AR | WAtk fagor § 9T €@ H,
9 Srefl WU, A WrEeRl % [H: T o oy
Hfufsran 37 foen o smrex gnit fom 9 H, Suifi@
2 a1 SR iferes H, w1, o wR HI ferfem
HTN q 3da: arAEeen IR (Afm) foem o
foenfya st (o= 7.8) 1 a8 @n-wdfae o fagia
o 31eY ? TSEeh SguR SIfemNeh/SE o AN i
feorfq o 7€ TreerEen Tenfud entt o S ehRes/ 3R
T HZd IHeh AN i & THF ¥ HT a0 g fHg0
q sifye g =few)

t1 t2

S r Ewmgj—r:w
[H] !

[1,] —_‘\

(HI]

W
e ?
H, 3o ™

N

fax 7.8 H,(g)+L(g)=2HI(g) sfufear 7
e W H, & S W SRS TF 3Rl &
Tz F gRadT

e fagm

frefafea sfafshan area o STUR | ot &4

Tt frekd W UEE Hhd B
Q. = [HI]?/ [H,]IL,]

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q H1 HF K ¥ %7 e S €1 zafe sifafwan
T (37) Fom R AR W SR A T Sl [H,] qen
[1,] 5/ & 3R [HI] 79 Tk Sl ©, S a% Q= K_
T B WU SIfq AT WreEeRen Tfyd 9 @ Sl
AR YRl § SEUIE ol 3Tl il SAferehal oga
Hewqul Bidl €| STl Trreree] W R Searg w1 Srer
3 ez S 2, sifafsran, it qof gu fomm arerereen
W UgE TE ¥, Y M G o wer o €1 S«
IR H 9 R 19 8 A1 ardieha g e ueief @,
Al SR T S HIA G el ¢ SR %
treifiren fmfor o erifan 1 et w o, 39
arer 3 foran wan ® o erfufspan eifim feen o
it @t B1 36 THR CaCO, ¥ CaO St 9o &M
1 T TEE A ¥, % s e § g
CO, Tl TR ek Afafehan qoi w3 et ¢1 9%
IR, TG AT fof IR AR g2 ©H § Q_ 1 AN
K, U %1 a1 Tear 8, fomw stfafsman sifim feen
¥ Bt Tt 2l

WigdT T YHTE-Teh TN

9 fAfafea sifafean g w_¥@ feen <
Tehell B

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F* (aq)

et TR el &t

[Fe(SCN)[*" (aq)

°” [Fe3+ (aq)J[SCN’ (aq} (7.25)

T @ | SARA (111) e foera™ 1 1mL
AR IH A I IR e faereE SRt
A ! fee™ W T o1 1 ol 8 S €, S
[Fe(SCN)]>* S+ o ROl il €1 Trereee Tenfud
B R AT At e feer g i 1 tfiehies =1 S
o1 srfuferan it GrETEEen W e | qrereaen &
ST =1y femstl # oo seergER fawenfua &
Thd Bl [Fe*]/[SCN] Al &l &l &
fieRrent =t faam ® ar= fauda faen o fowenfua
# TWehd | SH—eeifereh 3 (H, C, O,), Fe®*

2 2 4
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AT ERT

AP ¥ foran wten TR "epel 3PA [Fe(C,0,),1*
T &1 o7d: Gl Fed* 3T i Tigadl &4 2 Sl 2|
ATy, fagid o STER Fe® 3FA &1 g2q 9
3T FIgdl a6 i [Fe(SCN)]2* o foisH gRI Fes*
A 1 gfd ) g foran S 21 5 [Fe (SCN)P2*
1 Higal Sl €, o7: ofel U1 1 digal 8 2l Sl
T Sefa HgCl, faam ™ <t ara 1 &1 e %A
Bt 2

Fiifeh Hg?* 38, SCN- 3T o e Afufehan
HT TE HpA TEH [Hg (SCN),I2 91 &1 o
SCN- 3Tl i HH! THIRT [7.24] H A 1 918
T [ 3 SCN- 1Al 1 g 2 foenfaa et 21
WM AR e W SCN- w1 WK 95 Sl
21 e1q: sfery Qe o fen ® (€ W) 5
St @ e faerad o 11 w1 e 5 Sl €l

7.8.2 SA-URdT ohT TS

fordlt et erfufsan o e 9Red g <« ager
Y IS 1 AGT guifed Bt B F8 a4 e 7, S«
sfafsran 1 <N ol TEmEfTE S § T
AFTRTER] o Hicdl 1 G qe TEE ScE) o Al
1 g | f=ran gt 21 T | W en-vtae
fogid, o 9ga HE W 3 @ Fa W I ok
IR 1 IUET HT S HhAl 2| AR SE/EH H
A (TS Higdl) Ta R R 7 e 21 Frefafaa
arfaferan H-

CO(g) + 3H,(g) = CH,(g) + H,0(g)

T sifasHERl (CO + 3H,) o IR Hid ¥ SRl
(CH, + H,0) % I Hidf o &1 SR sifafepan o
Treraee s it v a9 | e o
fafeTet § @& @ IR F 3 A AT Rl
aen Y T T 39 YR AfYFReRl UE SRl i
AT <19 T 39k Hola®y SehT TIg0T 951 T
21 o1a g grerereen o Tl ®© T ®1 -9
fagia, @m] weh sfafwan 5w fen & s e
Hregrereel] TAIfUd et ®, SHhT Il S S Hehdl
21 =feh @ T e T T, o7 wrEeen o fen
(e el =1 TN e @ %Y el ®) SR
Bl 21 (8W W € T < 9 o Hiell w Ge o
QU e €)1 38 sifufka whd Q5N wE
S Hehdl Bl SW & T WAT aH w1 eAfufmar o
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[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi sl Tremereen
& iU H YRR Fd | S Afafeman fasor
ARG e FR & < 2, df ek iR < e
TSV A & 9 #1376 7H AfAfeRar qrhe %1 Oe
e 1 A HH @Rl Wi T Hehd
_(2[cH,](2[H,0)) 4 [CH,|[H,O] K,
" 2[copeH)’ 16 [COJH,] 4
Ifk Q, <K, 7, ora: ifuferan smr faon o s eid
21 C(s) + CO,(g) = 2CO(g) #ffeHan & <& =
1 ST @ q ertafsman faada (a1 SoRd) faen o
el B, wifer 31w feen § Hiel %1 e 9g St el

7.8.3 3TfehT T & INT &1 YT

e ede feer wad ® SR UE SAfRE T (SE—
At St erfufswan § wm & ot €, i fie €
e eaiEfda @ar g1 it feer e W fhe
e e W erfafsan § am o are ggef ®i AR
gl s1efe TrEl | i ufedd el eran 21 stfufsman
qThel § IRed eharel a4t Bl © S/a THels T8 T
srfafwan ¥ oW o1 9N SAfYERE 91 SR Bl

7.8.4 AMI-URad hl THTS

Ta Ft @ AT A H REdd o RO A HWigdl
faerer B ®, a9 G g 1 weed uRafda g
, it sifuferan amwe (Q) TrEEEen feeri® (K)
o SR Tl T UMl Sifhd 5@ ardehd § 9Redd srar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shA W e &1 fefar sifafewan & AH

o fag @ faedt st 2

o oMYt SAfHfeRaT (AH RUH®) T ARITEEe
fterier qIUehH o g W Hedl B

o oA AMHAT (AH HFTHSR) 1 ATRTEEeN
fteriehr qIUshH & W7 W wedl &
AR | e arreaen feris e stfafewa

o o7 § qfteds o 2l

Frfafea sifafsran o STTER THif= 1 Scared
N, (g) + 3H,(g) = 2NH,(g);
AH=-92.38 kJ mol™
TH IHET THH 2 ‘en-vmanay fagia’ o
STIER, AIhY a¢- T TrEEe a1 fSun o Tmm=aRa
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Bl Sl © U ST Y WreTeren |igdl % 8 Sl
21 39 Rl H, FH qI9H S H) 3= Al F
AT S ©, Wifehe T &9 9 STcfees %9
T eAfafman 1 Tia il e S €, o1 S W
o fomn s =

AT T q9E - Teh TART

NOZﬁH (‘{{Df) Rl N204ﬁ'ﬂﬁ%ﬂ'ﬂ? (Dimerization)
1 Tfaferan oF gRT ArITeEe W ArY 1 9re YRR
o < gl B

2NO,(g) = N,0,(g); AH=-57.2kJ mol™!

() (TEH)

Ti% HNO, ¥ Wd &1 Fier Srerh &9 NO, 14
TR T © A1 W Tk (el 1 GeEdl € 5ml
el WA o 331 Hd & <Al W §
T ! dedl GUE SFT A1feTl 376 TSRS (araldit)
aﬁm@wﬁa?@m(stopper)aﬁﬁw
2 Tl 250mL F o ST TR FA: 1, 2 T 3
sfferd ed €1 ML . 1 1 feusrd fag (Freezing
mixture) ¥ SFH 7. 2 HI FH & AU A F TG
T F. 3 Wl TRA (363K) I ¥ R | & =1
AT w1 et |, 2 W T W €, a6 T %
1 ) forn Tk G @i S 1 FH % 99 9
I | 8- 10 T2 9% WEAfedl i W & a1% 39
TRt T T@EAell i el 9. 1 o Sia B ael
THA @A Wl SR 1. 3 o S | A stfshan
&1 feen W arg 1 g9e 39 wan 9 fafa fen
Hehdl B HH A9 W AR 7. 1§ SOARIN 31
AR BRT N,O, S 1 Teig fierdt € T NO,
FT FHH TH S HRO R T FT Ao Tedt T, et
HT A, 3 H ST a9 W 3Iopd AR i aeie
fredt 2, 9™ NO, =war 81 ufomHa: s T

ECIRC S
(1) (2) (3)
femenrtt fagor HHR & Y (363 K) W A
T ST (298 K)
(270 K) TS

ferT 7.9 : afafwar 2NO,(g) = N,0,(g) FT Frraeen T
arg & g

e fagm

HrATEEl W 9 1 Y6 Teh GO SHSHTIS
srfuferan & ot Toen w1 W B
Co(H,0)%"(aq) + 4C1™'(aq) = CoCl3 (aq)+6H,0(1)
et TR e
FH % qY W [CoCl, > o RO HrTEee
s &1 31 Hien & S T 5 2 ferhry fagor o
31 feran S S 7, @ fason 61 9T [Co(H,0) % T

HROT T[T 81 S 2l

7.8.5 3Tk T THTT

SO TohamRRal o IRl § 9REdA B ®H Sl
AT T AF SUcTed TR AR o a7 ! 9@
<1 €1 I8 Teh & HehHOI- 3T § oA aell 3 uh
it stfufsmaneti & S 1w <1 €, Sefsh Qe
o1 URafdd el idl S 37 T Y sifaferan o
fau dfaor o 1 G9HE HET H FH R B
IAE W TA a9 AfafRar fasm W arEreen
oA o qidfda &t il B I8 Gqferd THter o
o g feeris Tl § yehe el Bl 2

NH, o ATgIsH o ggrer § ffor w fa=m
F, S T rcda et srfufmar @ sy Sag ok
el Hicll 1 H& SARTRRR] o diell § HH gl B
Hree s qushd 1 9o § Ted g1 w9 a
TR TR ST Al © Ue HrEeEen W g o Aty
% T oAl ®, Sdfh Sed a9 W fHA H R
Garosieh Bl €, T offed ¥ gl &l

ST T Wi e 7 g9 § foR ofe SR
1 Sufterfa o erfafwan Gdrrsme < 9 il ], S
NH, %1 Sereel Figal Hasme il ¢1 i I
o el 1 HE AfUHREl & Hidl w1 GeA ¥ wH
€1 37: NH, 1 3cq& q@ agreh sfue faran
Tehal 21

NH, & H¥IY0 B 19 o <6 1 STJpeiaq
Rfefa@i 500°C T 200 dgHSH™ T el 2l

T yER, dueh fafy g7 wewrfe o &
fomfor o

280, (g) + 0,(g) = 2S0,(g):K, =1.7 x10%*

qreeeer feemie o qRomd oF ST ER ifufema

%1 THT gl B S o=fey, fRg SO, w1 SO, #
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AT ERT

SHIFHIH dgd it R ¥ g 71 wife st
TEUHfeTH T=iHEe (V,0,) SR &1 Sufefd |
st o HTRT &% ST 2

e af fedt sifafwan & AramaRen feris
1 TH HIBT 6T B B, O ITH Ih 9gd hd
HEal T Il 2

7.9 Tao== o smafer Ar=Tawen

9 i T R Aixar 9oy o 9e ot 59T |
o Trefolad erafTeh O o Woeh § ST B
Fe®' (aq) + SCN ™ (aq) = [Fe(SCN)J**(aq)
& T2l B0 7 W 1 St Wi 9 wafered § R
< o STt et o fag om0 warfed &t et €,
Sefeh ST W HERO THE (Ffeam Fage) fHem
W THY fogd ¥R T YaTE BT § qe a0l shi Fiwdl
G o WY foIerd w1 et dedl 81 HEehel hie
J ureff 1 SR TR STeTshal Al % STHR W &
ot | afiehd fohan— Tk &t o Ut Seft faeram o
fereq ¥ yenfed ed €, 3 ‘o s9eea’ seen €,
Sefeh qEX S UET TRl A, AYd 3 STIHI FHEaAn
T e 7 foe Teeal &l YH: Yool Td el aga
sl afiepd femanl Welel SR STueed WA o
foer ge o qof &9 9 et B §, Sefh
@ srgeed oriferr w9 @ smaftd w2
IO -HIfeaH FANEE o weig foaoe ° q=

209

®9 ¥ Wifead PF Td ANEE HEE T S ®,
Safs THfed o § TERe oM TS sRefTEm
P B &1 TR R 7% ? T Gifead awgs #
T 100% ST Bl 8, Sieifeh UEifesk 3, <
geic, Torga-31aeed 8, 5% € @t gl 81 98 &AM
® T gda fogq stumeal o ool dun et
gl o T W Tfud B ©1 59 YhN 1 9T,
e STefta foeem o o1 arg o #, arrafien ana
FEA B ST, &Ik q S0 A STTeA o o
T o Bl 3 Yool S1al gl dEd STTeEAl i RE
HTER Hd

7.10 3T, YRk TS a0l

3T, &Teh We oe01 Yehid | o419 ®9 § U = 2
MR g/ =R 460 (1.2-1.5 L/f&) o =nfaa gia
21 € U= Wihan ok forw eifa savas @)1 faen @
T 1o7d THifew o B g T HR F W
fafew ot Ud UEhifdd 71 qen THel H TR
T IR Sl | SAhiY 3 T@E W @ B ®,
ifed 918 Acidus @ 51 ‘T’ wIsg g Tl e
eran ®, Torent @1ef ® wee et it fetewd i o
F A € N FD ergeti W Al ek SReEgeH
I H §| THI YR &R ol fofeHd el e
# € qu1 @R | shed 3 Tl § WA | el
&R 1 Tk Q= ST FHI HH 1 Giel 7, <

IS 1 9 oS o T Tk i GreE ol IRER § g3 o1l 14 99 %1 3% § 9% U 341
fSieg@mt (Book binder) & I&l %W WG ol S8 3= 7 fohdmel i U i B2 I ofi|
SRt fSieg a7 dfear onl 9reEst Sdt 98 (Davy) 1 SRl 9eEe S T de §
18131814 H HIe Ik W1 HEIEIY 1 I W el T 3G A6 o SRE o SH GHT & g
ST SR o Toeh § MU 3R Sk el @ wgd dan o 1825 | St & 918 o o
HEIM JAFEensd (Royal Institute Laboratories) & fRem® o+ e 91 1833 | o T@RH
I o Y¥H Peilad 3= (First Fullerian Professor) sH1 %€ =1 dgel el
T -fIgeioor A | ol 9 1821 ok SR S SAfushar 1 e ud geehed qen 31 Sgd
T fagTdl o Hafaa o 3= o fa=mi o ouR W ‘enyfiew &= fagia’ 1 ufqaes gem 91 1834 H 3=
foreg eToeres @ weifua <1 i 1 @ie %11 HIE Tk 9gd & o8 U A1 Wb o sfe o S welt gee
1 OF W IR R e 3 geft SR foamel | X W1 A T STohel T T TS A 91 S Heft off T
&l @ Seiq fogm &t faa-fie 9l 9@ y9iika (Disseminated) far, foad 39ep /1 Ul 9e@ o 9”9
1 T Yeish YhaR o Y9 ki SToreTen Gftaferd 21 ‘ Jidsmit o Tamafes s’ fama o frama s
o ToTT & T 91| S TN 450 S TS YRy fRu

qEFT B

(1791-1867)
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YT o TU Y il 81 Tl 37t U &Rk ol TEt
I | foemd €, a1 o erag o sifufewman i & w9
@ &l @l & FP GHFT ST FifeqH FANEE,
Ife gethe, Hifean Mede ofk 71 Wieaw FrEe
(HIRT 79 ) TR HISH 61 Tk &7 ¥ €, S
TIESIAelieh 3T Td Tifedy TRgIFIRE &t foha 9
W el 21 98 39 eraeen ® U S ©, fomw
YA Hfea™ T HUMARM FANES 3TEA 399 |
faudia emafer wfeis o wea feer dF@ v o
HROT o o1 ofd €1 3 STael o e fer dgd =
Heqq o Qe o SohHA! Bl ¢ S
reifser foetae €, fieen WeRms 80 21 36 R
9 Hifeam NS & Sid § Hiel S S, a9 e
o e feord e SRl St 80 o U W gl @l
ST 2, fored @1 faerad o god &9 9 T A 2
Y S-S & T Sifed gkl gUe 8l W 2l

o
o O
(* 2% NE O
o9 9 o
0 cr vo
6®% “ N cl
\’( Cl N Néi- -
00 ClNd
Q Cl
. é o
oo L
O N& ,)) = oo
Cobo o C_(‘
L |
‘“roo‘

ferg 7.10 51 9 Gifeam FaRise &1 fagrs1 Na© e CT
ST e STeT- 317 & Hrel ST gt Tt

g st 2
A H TR T o EEA i gar
UHifesh 37l o SF | S W gH T1d Bl @ b
Tl S &yt o1 €, fR off eEgeiis st
A Faget el § ol w9 9 st e B, ug
Telifeen o MR &9 9 (<5%) € St e B
ST T U 3ok Hed IURRerd df i ammed qen
APl o et @t wEn W R s @1 qd W
o qen oA ug fim-fim steff o ygea forg s
® B facig & oM, S STl 39 sewen § off
faome wd €, & 9 H QYR &1 UimAT i
‘et hed & (SSrewned-Hifean FikEe) , S

e fagm

A 8 Wk , Fored S o) foerem | 2o
AT 3P o € F-T &H T <Al UK BT STdeRd
FH Y |

7.10.1 3T AT &Nk hl NTIT &MuT-
RfEE o Fagager o 9 wged &, S W o
ST BT BTESISH ST Hi,, <0 § T &R o

T ¥, S EEeifee M OHy,, 39 1 39 U&R
S ° Teh 3T HX oh1 394 f=fafaa wieneon |
Y fordll wh o g R foan ST wehar @-

HX (aq) —» H"(aq) + X" (aq)
q HX (aq)+H,O(L) -» H,O"(aq) + X (aq)

TH U WieH, HY Srcatues fpemier g )
s ®Y 4 Soid faemd § e e @l 2l
75 foomoe Si@ 1] o offedlse § Sfud gt
freivia ffadl ergifem omeH, HO* 2@
(afed @) | B9 H'(aq) @=M H,0*(aq) I i &
Sfed geged STEH, St Sidt Tupstl ¥ o gam
T WEH €, o ®9 § YA H O 21 39 e
TH WIMRUE: HY(aq) &1 H,0'(aq) i 3Adesd T
TN O TR Y St deF 2

Tl kR MOH 9% fohdl & o1 377] Seita

EIESITEH T EEgiode I

(3™ =10""%cm) B Ta Sl 310 W T foeq &=
T o HRUT W i STA- 3] TR IY(EAT I THTHRT
gl § foRdl Tk & WY JeR H,0* I 71 W
TitefisT 1 &% AT (IAMeME—H,0"Cl) H 3
e § Y T B | SeAtd faere | ety
3T T 9 Serifer get HO;, H,O0 @& H O}
Ty TS oAt €1 SE YR BESiee SEE
SIS Bl 3 Seomerss wfieiis H,0,~, H.O,~
a1 H,0; 1t = <1

H,o\—H
Jred o 15, RS
& % ,9/ \~Z~

HO'
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@i ARTIE

(1859-1927)

1 A6 R fHa

SN &1 S TWied | IuHen & e gem on W 1884 H I UMl
foreaforamer o fagq fueed faeay &1 Sreshdistl W IMY T (Thesis) T&a R
3TTS 5 OO T SRI4 Sgd AE i qT AT ok W Sl W T T 1895 H I A
T wihem favafaemed & difawt o e 18 R e fre 1T o1 1897 9 1902
% o 39k R ot W1 T 1905 W 39 G % o Wicheld o Aot FeeH 8 fifeert
A o fR9e 98 W M Hd W S 9 qoh agq-3TIEed faerddl | & S
W1 1899 W I=IH Tk TR, S TS THMG: NG R, FHeam &, &
MR T AMfRaT-3T sl a9 W Fsfar =1 i fwam

ELdE| Eb_sp &5 | e fowam gfaren w@EE (Immuno Chemistry), ERIEACRIE]
(Cosmology), STt &l d (Origin In Life) T fgA-F7 o &R (Cause Of Ice Age) Faell &l § ITeh1
TEYUl ANRH @1l d TH g fed o, 9l ‘I 389 g9’ i 98 A I ! oo il 91
1903 ¥ forggd-aTereai o forerest o figia T W fom o6 foaermd o sdent STfTar W 3= WA faam

foerma @ frafafea ofieon & oar emaf
BT &
MOH(aq) - M"(aq) + OH™ (aq)

TEeifoad oaF ft Sefa faeem o Semitaa
T Y @l § (S ) | T AR Y ST e
YR T SR HHEE §| 98 ohe ugiel o el
faem R & on] et 31 Te it S8 sl %
& O ) T TR Y undt ©, T g
e i 2l
7.10.2 AT AR A UG &k
ST W SR SR (1874-1936) Tl U
WA o9 TH. At (1874-1936) 3 3T/l wd
QIR hl Teh e =ATaeh TR < SRLs-ar
fagid o IER 3 ugred, S faeram § we He 39 |
e ¥, ol € den o ugred, & faee @ e 1Y
U HH  gaW €, AR 2

g H ST WS del &Nk Ui el
&

T&1 B9 NH, & H,0 ¥ fae@e o 3@ |
foar =Y, fo frafafed e § <ot T 2,
I—uﬁ'—rém%
NH,(ag) + H,00) == NI} (ag) + OH (ag)
aicen A TgfAq o/ HEHd &N
|—9ﬁzﬁﬂa64T

F 2

BEifad ool &1 Iufeafd o &RU &R
forea ol 81 STl SAfufswan § St Wield g @
qe I W ¥ sufe 3R wEE: SRS
T AU R hed &1 Schd AFIfRar § W NH
¥ OH ! TIFIANG Bl &1 F87 NH, S5 37ret Tol
OH FRT &R I w1 Hxd &1 H,0 Tl OH 37eral
NH, T NH, T3 37 3R &R o I8, S A
Teh WS i 3uferfa = stqufertd o &R 3R o=
g, G T- ek I FEAd & T UHR H,0
T G &RF OH © qe &Rk NH, 1 TIHT 37t
NH: 1 9% 5723 o1t Yot © ol STkt I &l
T BT AT AR LT ST e ©, il ST T
&IRe Wt BN 8T 4 34 4 91 I8 € o g
I H ek Afafer WIS B ® qen yoish Hgr &R
o Th Wi wH el B

S H TR T oh I SR W
faq=am & HCI (aq), H,0 319 %! UIeiH 3T 37 i
ifd T& H,0 &7 1 i esR i 2l

I—uﬁ?ﬁﬁm%l

HClag + H,00 = Had (ag + Cl(ag)
qgfa e 9T e

SR &
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ST GHIHT F 3@ ST Gohel & fF St o
TN Ll &1 W& Sl HCL | Wie g i €,
H,O* Tfi¥fist &1 fmio1 € €1 31: CI 37 HCl
3T T G &N © TS HCL, Cl- &R k1 Gt
ST B 36 YRR, H,0 ft H,0* 37 &l I &R
TS H,0, H,0 &% 1 I 37 €|

g Uik e ¢ o STel Ueh 37 4o U e
1 @e el et <wiar 1 HCl o @ eafafewan
T Wt &R 1 @ AaeR Sl €, Sefh THfEn o
WY WEH T Teh 37 i Hifd Sqe@R Ll 2l

e fagm

7.10.3 T3H 3T T &k

ST, T T 1923 H 1 Wl ‘T (TITEIET
qLT TR ol ‘T THETAT oF &Y | UTRATioa
Teram <&l 7o &Teh 1 U9F €, SRE-ali &ah den
oY N U w2 a9 ofR T 7, Fifw <+ €@
fagidl o &TReh ThTh! T I 3d1 ®, Wq =
e Togid o STER, 9gd 9 UQ uqe off e 2
o wieft 7 ¥1 F9 o[ a1 BF, %1 NH, 9
AffRan s T fafime ST 71 36 YR WeRfed
TS SoidE i wH o1en BF, A NH, o @
ToRaT Y SUHT THThT STae JTH Tkl 3T hl T

ISTEAUT 7.12
frefafead F==T el % foru TRt s
22

HF, H,SO, T2 HCOj
'
% o W &NGRI H UH e wH B
=fEW 37d: FId HIH &k HAIM: F, HSO,
Je1 HCO; Bl
ISTEAUT 7.13
LT &WHI NH,, NH, d& HCOO @ fau
M 7T 3 fafeu)
'
Tl 3T °h UMY &N ohi STUET Tk Wi
ek BT =1feU| 3Td: Td HITH 378 Shul:
NH,, NH, @2 HCOOH |
EEUSUINE
H,O, HCO;, HSO, T NH, S==8eT qell
TR GRS -3 THR H HH HY Hhd | TAH
o fau 9w gt o1 o e fafan)
'

SR Trefortad aroft o fean @ 2
H,0 H,0" OH
HCO, H,CO, cor
HSO, H,SO, SO;
NH, NH, NH,

I ¢ 3H Afafwer w1 frEfafed e W
TR R ST TR 8-
BF, + :NH, — BF,:NH,
ToiFE &% TeiS, S® — AICL, Co*, Mg
AT 5T 3T 1 G FRR HXdl &, Sk H,O,
NH,, OH ¥iilst Sl U Seieei I8 < T Fehell
2, TR % FI WE FIER H <l

IS 7.15
Frfafad w1 g9 ol qen &Renl § afiehd
FIST IR Y fo 3 7o FeaeR Fi <wid 72
(%) HO© (@) F () H (%) BCl,
&
(%) i TR 3FF Th oEd aRH ¢,
T € T JH I BT Rl 2
(@) Hfth wIBES A EH &aNE €, o:
T8 =N sl I H 9 TRt T &1 S|
F Hehell B

() wfr W oEE ot B, ord: Bl
P TN FAANIES T, S— &Reh! o
T g o Fhdl 2

() Tk IRF TRFANES BCl, EH T T,
37 : STHITR ST ST T[T TS &TRehi
Y AR I o Gkl 2l

7.11 3TN U &Nehl ahl 3TTEAA
it TEmEfTeh To Sifeer Afafspame Sefta wem
o et ¥ 3% wHgH o forg emifae w5t gl &
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AT ERT

STIER TRl TS &kl oh A ohi foe=r Iuamt
BT WA 37 (HCIO,) BEgleiliieh 317 (HCI),
BRSBTS T (HBr) TESRTAfSH T (HI), TRfeh
31 (HNO,) Td HeHeh 7%= (H,S0,) 3 37
‘Yo’ e &, HFifeh I8 Selld wed W Wi Sl
o e quida: foifSia st Welaemn o §HE w
T &1 3H YR HfEn BEeieEEe (LIOH), difead
TEGEEEE (NaOH), W™ eEge™Es (KOH),
e gEgieEe (CsOH) Ud afFm grRgieEs
Ba (OH),, Seitdl /e | S Al H @ qoid:
fom@ifstd gl H,0 9o OH- 3T < ¢ smfva™
fagid & o9UR, 3 Yoot &R €, Fife A weam o
wuid: faaifsd el wuer: OH- 3TPF WM &Y &
fasheud: o7 o1 &R 1 G Tl Ud eRehl o6
TN fagid o SHR W ST Wehdl €1 Sk
SR, ‘Yad 3T’ | dedd U 399 WeHRal’ §
Yo ek ¥ qeqd ‘39 dieuEl’ 2l

ToA I HA o -8R forisH a1 W
formm -

HA(aq) + H,0(1) = H,0'(aq) + A (eq)

A aRh T T WY R

@e 7.102 H T <@ fo o (W &RF)
foae" 9= UF WM o o ud ydm fewm o
TAHIAROT H Fokd Ueh TIfieh 1€ €1 3760 78 U9 Sl
2 for =fe @y s 2, 1 o w9 & 9 R feam
o S BIM? 39 qIferd hiHarel Uk ol i |l
22 3 YTl & SR I o forg w9 femiem W o
gfmfad g ol (A1 §Rehl) o e &1 gor &
Hof o foar 301 SWie aftia st fadiem o= o
Sufeerd € 3wl HA T H,0" W o= 3| &4 I8
AT B T T W RIA-91 Yol SeHeE 21 WeH
W #1 gt Ot ygfa o= @ eifuss B, 9% ‘e
3T’ ST Ud | Soel 3R ohl 9l H TR
T S, A HA, H,0* ¥ 79 37 ¢, df HA Wi
TE HAM, H,0* &l fooaa ¥ 4= &9 9 A
H,O" TP 81| | gad o7 e &R i fen o
TR BT B, FiTeh Wealel 37T Uelel &) <Rl WISl
T4 B

TR ITIHR, Yool 3T Sl H quid: STafTd e
2 IRt &R STed o B, STl Waet STl oh
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G &R 3T goel Bl &1 Telel STl S TReeAlieh
T HCIO,, TEEHINe 3 HCl, BEgEts
3% HBr, BEgISTETSs 37 HI, TEfH 37 HNO,,
TR 3l H,SO, AME Wael erwedl o W
& ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
affursh oot &k 21 38 YR 3Tcdd Jeel &I, 3T
Tt 3 M, SR Ueh gl o7, - HA 7]
Iufterd @ AEZH 37 (HNO,), BIEgIHsiifish 37
(HF) Td Tffess et (CH,COOH) WdlehicHe geiel
T &1 e A A e A @ T gee ol
T N 2Td Jad eld 1 S0 ok fau, NH-
,» 0% T H- 3TH Wl 81 31a: H,0 ¥ 37ed e
I I | 2 [ B 2 2 1 M W || O [ e
foreia shTeifen ifiTeh geet el shi Wifd =Taer S
g1 TTh e (HIn) 9o S &R (In) =1 <
T F)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
T gIH I ST HHT R
- -9
T TRl T ST A §R STTAGA H Gerh
o ®9 H H* I &1 "iga Ferer o faw fean
Sl

7111 I T A feiar wa s@anT
AR U

T WE 7.10.2 ® TE 3@ T g wwed (S8 S)
310 fafdrse Toif o6 HRU1 37 TE R&F— IHI i /e
IR H Fehd & 3T HA 1 Sufearfa o =g g
TN YAl © T &N 1 TE FaeR Hidl 8, Sdieh
& B- i SUfefd ¥ 9% e[ I 3T Sl 0@
SRR Tl €1 G Wl H,0 1 Tk 370 W a1 2
TS STl 1 T HFER HIAl € 91 STet 1 T 3]
TH W TEU HIA & TH I THA &NF H WE
BN HLdl 8| FreAfeaa arreeen Tefd et -
HZO(I) + HzO(l] = HSO*(aq) + OH7(aq)
8RR T ST AR
foare feeri® #3939 We WRRE wd 2
K=[H,0°] [OH ] / [H,0] (7.26)

STl 1 igdl il e W B <A B, Fieh gHeR!
Tz feer @t 71 [H,0] F o ot wfmfad
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FH W T feRiw KWW B 2, oS @
IR U Fed 2|
K, = [H*][OH] (7.27)

298 K W UEIfTh ®4 H* 3T &I @igdl
1.0x 107 M % TE ® 3R 5Tt o fardier 9 s H
3R OH P &1 H& aer gl 2,

gEeifdd 3TEl &l Higd, [OH-] = [H'] =
1.0 x 107 M

TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 10722 =1 x 10'* M2

(7.28)

K, & 99 a9 ® fRk & 7, #ifE a8
e feetis 2

IS STt %1 T 1000 g/L & 3T $HRT Hier
FH 18.0 g /mol T THY Y[F el 1 Hiewdl &0
T4 e el gehd B

[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.

9 YR, fouifsa wa sifoifsa aifsa sia &1
SAFHIA—

107 / (55.55) =1.8 x 100r ~ 2 in 10™°

(39 YR 9 g&d: sifaditsd Siat o STugsti
FT R T 21)

T, g 3R SIA Weltd oo
H,O0* W& OH ! HWigdisdl o @dfeess /Ml gh
fasifea foran w1 ke 2—

A [H,0] > [OH"]
STEA [H,0"] = [OH"]
g ¢ [H,0'] < [OH]

7.11.2 pH A
TRSIIY ST 1 TieRdl § Tigdl i Teh T oTh g

HYshH (Logarithmic Scale) T e ¥ y=i¥a feran
S 7, 59 pH @het el Sl 2l

TESNA AP K GHAA (a,,) F FUTHS
10 3T TR A 7 i pH Hed €| HH Figdl
(<0.01M) W TESSH AFH &1 Tfhad, TEHS
®Y Y THHRT Howdl, S (HY) 51 W& &1 S 7, o
T Bl | BIESISH I 1 Gieharal 1 whig gohre
Tl B T, T 39 G g uReifE feRe S
ekl B—

e fagm

a,. =[H"]/ mol L
Foreerfian et pH TS SRS S i
¥ ey quifar 2
pH =-1log a,, =-1log {{H"] / mol L'}
39 YR HCI & 3™ fae@ (102 M) & pH
HN HH =2 T T T We NaOH & Th &4
forers, fS/e [OH] = 10 991 [H,0°] = 10'° M 1
pH = 10 TRl Y& A STHH 5 H 298 K W
BIEEISH 19 1 Tigdl 107M eidl 8, Safery geht
pH = —log (107) = 7 &I
I hig Seltd T el €, @ SHe1 pH 7
¥ %1 @ A 9% KA T, 9 SUH pH 7 U Ak
BT
'Y U,
STt foera &t pH< 7
T fae@ #1 pH< 7
I fae=A &t pH=7
319 298K W AGER FHIHII 7.28 T FHi—
K, =[H,0*] [OH]= 104
GHfRur o M 3IR T FMCHS 0T o W
log K_ = — log {[H,0°] [OH]}
=-1log [H,0"] - log [OH']
=—-log 10'*
pK,= pH+pOH= 14 (7.29)
oM 3 A 9 a8 fR wmft K s am
AMIHH o T qRafdd g &1 qenfa qros o e
pH & #M ¥ URed 3a 7 e § T 80 e
IqHT YT HT I
pK_ Setta T o fee wewerf ufer g 21
g BIZSISM aT SESIaae STl it @igal &
Tl §, Hfeh STRT UGS R gl g1 ord: IE
e @ Toh pH WI9shH o0k eial 81 pH o HM
o W 3ohTE aiEdH 1 e © [HY] 1 Eiga § s
10 &1 9RedA| s& YR 9fE BESeE SEA |igdl
[H] ® 100 T[UT& o1 GRedd &, df pH o A9 ¥ 2
THTS 1 TREH ST 3Tal 39 T9e1 ¢ &ht o a0 g
SN pH W 9Rerde 1 el &9 T 3d 2
Siferer e gEreA-HeEt eyEnt o oo &
pH &1 A9 STcafeh eegdeh ¢ pH IR, S fafvm
pH =Tt forerad & fom-fom w1 a1 €, 1 wewd 9

2020-21



AT ERT

pH & SIS | 1 Tl ST ST Gehdl 21 SATSTehed
IR qdErell pH TR foed 81 0% € R fe-f
ufeea - w1 3t & (f5 7.11) pH TR ER 1-
14 T o pH AM T 0.5 I JAfd dk A
fopan ST Weman 21

o 1 2 3 4 65 &6 7 8 9 10 11 12 13 14
N
H REEER
e
ferg 7.11: T pH W 97 37 3Hareft pH R & 9R
gfzzar

<

Ied Fqdl o faU pH WX &1 YA foman
ST €1 pH Her Tk TH 49 7, S wliero-faerad o
forga-fawa W amaia pH &1 A9H 0.001 e
T LAl & SASTehel SSIR § el o ser SehRare
pH Hie 3S9a=d e U €| F5 m= g w1 pH
ot 7.5 § & T @

IERAUT 7.16
U U o T W TR AP i Hidl
3.8x 10 °M T TUHT pH T B2

kgl

pH = —log[3.8 x 10°]= — {log[3.8] +
log[107°]}

=—{(0.58) + (- 3.0)} =— { - 2.42} = 2.42

37d: U9 uSref T pH 2.42 ¥ I8 A 2l

215

IS 7.17
1.0 x 10 "M HCI fae@ o pH 1 0T &)

A

2H,0 () = H,0" (ag) + OH (aq)
K,=[OH]] =10

A x=[OH |= 5@ & W< H,0" |

H,O" Wil (i) it fefd HC1 ¥ 9T 2t & S—

HCl (aq) + H,0 () = H,0" (ag)+CI (aq) T=T

(i) ScToh STERITT ¥ Wi eidt &1 I i <

H,O" 3™ W fa=m & sim—

[H,0'1=10"+x

K,=(10° +xx = 10"

g x° + 10°x - 104 =0

[OH |=x=9.5x%10"°

31d: pOH = 7.02 @ pH = 6.98

7.11.3 g 30l o I ek

3T, Seit forer™ o ifirh §9 § ST T goa
37 HX W fomr 3| fr=fafaa seeon o o fodt
ot gteRtor g0 ifaifsa HX Wd 3T@Fl He(aq) den
X-(aq) o TeA Tonfud GrereEen &y feen sn
Gehell Bl
HX(aq) + H,O(1) = H,0O*(aq) + X" (aq)
YRS Higdl (M)

c 0] 0]
M o ST 1 AGT B

igar ¥ qRadq (M)

-CO +Cco +Cco

AR 7.5 S AHR USTAT st pH ok WA

gd o AW pH g9 o AH pH
NaOH 1 9qw foaeraa ~15 ST HRIHT 5.0
0.1 M NaOH farerd 13 THRT HT ™ ~4.2
A HT qET 10.5 g U7 a1t qen fawe ~3.0
foee @it Fr=fferan 10 -t 2,0
31 1 WHE WF, THAI 5 7.8 - ~1.2
RISCEIIER 7.4 IM HCI e ~0
ECl 6.8 Hig HCL ~1.0
EIEER L | 6.4
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e Figdl (M)
C-COl (¢{04 (¢{04
el ¢ = SAfaaifs 3 HX i IR Figd
Mo = HX o 3TEH 1 A6 B
T Hohdehl 1 SYAM HT o TH ITYF oA
foarem W o fau arameen femis Jod a1
Hohd 2
K =c*«?/ c(1-0) = ca® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed 81 38 denfeqs &Y W 8 39 FehR Hiokdl & &Y
o yefi Y Wehd B
K, =[H'][X"]/ [HX] (7.30)
feret Ty oo WX K| 1 A oA HX
Vel ST AT €, Tgid K, o1 Wi Taer siferen
TR, 37 3T € Siferk v gem K, famwfea
Ty &, Forad it witeiier et Higar st aeR-aTewan
1M &1
FS A gU Al oh 3TIA-TEeis |RO 7.6 H
faw T ¥

BISGISH AP Wigdl o Tl pH ATeHH g1 ST
3 5 T8 pK, % wiffir o= S e TR %
fau o yga feman w2
'Y T,

pK =-log (K) (7.31)

37 o ST feeier K, e IR Eisdl o
A BF W I TS T A Fdl q ST o6
AP BT AT W faer@d w1 pH 1 TOA H9E 2

WRUT 7.6 298K W FB T TU gacT 3TAl oF T

feertier & W=

A I Teertiah (Ka)
BESIHRINH 3T (HF) 3.5%10*
TELH A (HNO,) 4.5 %104
HIfHew 3T (HCOOH) 1.8 x 10~
= (C,H,NCOOH) 1.5 x 105
uHifesw e (CH,COOH) 1.74 x 1075
=g 3T (C,H,COOH) 6.5 X 105
BEAFARE 3 (HCIO) 3.0 x 108
BESMAM® 3T (HCN) 49 x 1010
T (C,H,OH) 1.3x 10710

e fagm

T SEHETTEEd &1 pH T U&1 ¥ fehrelt S Feheft
Fa
ug-1  foue @ gd 3ufeerd wfefs i sRes
TR/ oF ®9 W T A S B
ug-2  qeft geifer sifufsransti o foa wgfera TR
fore S €, Se—wfielis, St et U &N < o
®Y § ®F w2
qg-3 I=d Kol Afafsean s mefiss sifafsean
& w9 | fafed fan sman 7, wefew o= sifafwang
T Afafewar Bl #)
uyg-4 wAfhs Afafean &t it winis o =
A 1 GRON o &Y | e far s 2
() IRfY9s I,
(@) I &1 AR R TH W AT &1 061 o o
&9 ¥ gigar § gRedd
() A Higal
ug-5 & Afafean o fau amaeeen femw
THEOT | G Wigarsti e WHl o o fau '
FW 2
ug-6
FW 2
Ug-7 pH I TOH
pH = -log [H,0"]
ST fafer 1 30 I ¥ qHART T -

3SMEXUT 7,18

HF 1 394 feo® 3.9%10% &1 0.22M
forer § HF &1 T34 &1 |60 1 31 T
o 3uferq ¥ wfiefis (H,0', F~ 9 HF)
i Higdl qA1 pH ki TUHT HifSTl

'
frefafad W T sifafkan @ae &
(1) HF + H,0 = H,0"+F K ,=3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=10x10"
Fifeh K, >> K, 984 ifafsnan
HF + H,0 = H, 0" + F
YRR Fisdr (M)
0.02 0 0 (0)
Higdl IREd (M)

e stfaferan st wieits sl |igar st T
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-0.020 +0.0200  +0.020.
e "wisdl (M)
0.02 - 0.02 o 0.02a 0.020

T Stfferan o fo wm Aigarsti =1 gfaeenfua
HH W

K, =(0.020)% / (0.02 - 0.020) = 0.02 o / (1
~)=3.2%x10"

&Y frefafaa fgema S g giar 28—
o’ +1.6%1070-1.6%107=0
oo Hiehior i & W W o o & H I
B B
o=+0.12 3R -0.12
o, T SRUTCHe W §9e &l 1 &7d: o= 0.12
e ® fF e WE, o= 0.12 @l e
TS (SR—HF, F~ qe H,0") T T igemd
79 THT B—
[H,0']=[F ]=ca=0.02%x0.12 =
2.4%10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°°) = 2.62

3qTeYur 7.19

0.1M Tehel &THIF 37eet T pH 4.50 &1 Hremereer
T H',A™ ¥ HA ! Higdl s AN SHIfSQ)
Y Bl Tohdl §RF 377 o K, a1 pK, o AN
St o TUET FHISC

El

pH =—log [H']
[H]=10"""=10""=3.16 x 107
[H]=[A]=3.16 10"

K, =[H']IAT] / [HA]

[HA], = 0.1~ (3.16 X 10°) = 0.1
K,=(3.16%x10°%/0.1=1.0%x 10"
pK, =-10g(10°) =8

defeqs &9 4 ‘foaiem wiaeaar’ fadl goa
3T HY WM ST TUAT T STANT HIUHH 2
39 39 YR fea T e

217

= [HAlp o/ [HAL i X 100% (7.32)
SETEIUT 7.20

0.08 M BRUHRARY T (HOCI) o faed
pH @I UMl HINW| 37 1 AT el
2.5 x 10° 21 HOC1 &1 fqaism-vfaerma @
Al
&
HOCl(aq) + H,O () = H,0"(aq) + ClO (aq)
YRR Higd (M)

0.08 0 0
grreEe & o aiEdd (V)

- X + X +xX

[ Higdl (M)

0.08 -x X X
K, = {[H,0"][ClO] / [HOCI]}
= x° / (0.08 —x)
x*/0.08=25x%x10"
x*=2.0%10°, 39 ¥R, x=1.41 x 10°
[H]=1.41x10° M.
3d:
fereist gferTaat = {{HOCIl ... / [HOCI], .}

x100=1.41% 10°x 10° / 0.08 = 1.76 %.
pH =-log(1.41 x 10°°) = 2.85.

7.11.4 AT QR AT AT

&Rk MOH 1 3TaA fefarfad dtentor g wei¥
e ST TR T
MOH(aq) = M*(aq) + OH (aq)

TR ST TN i TRE 3ol &R (MOH)
7f¥Teh ®9 9 ¥FEA M* Ud HUPH OH- H STafd
BT 81 &R 3F oh Hrerereef-Teeieh ol ek
3T ferieh et ST 81 39 B9 K, ¥ TR
21 gt wiefisr s e Higd Hiokd | fefeted
GOl g YRIST i Tt B—

K, =[M*][OH7] / [MOH] (7.33)

foshedd: A€ c= &N &1 RS Tigdl 3R
o = & o I Hi A
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S G WW el @, qd 9 fenis
frefafed w9 9 fomn <1 gehar 28—

T 1 g A o SFAA-TEeliw K, o °H
groft 7.7 | faw w7

|RUT 7.7 298 K W FS TocT &Nehi oh M- eich

F "
&eh K,
SEHAEHA (CH,),NH 5.4 x 10
TRUHEE (C,H),N 6.45 x 10
STHIFE NH, or NH,OH 1.77 x 10°
e (T aefas Scar) 1.10 x 10
frf€ c HN 1.77 x 10°
Ufefd C,H,NH, 4.27 x 10710
IR CO (NH,), 1.3 x 10714
% e -eh AlMTeh THIN 1 TE ool & B

i it &% ofew €, T wh W sifuss
TS ISH THTY] 77 HOE! g Feeenfud B €1 S
foretd=, #IEH, foed= qan feifed, 9 aga
I &N €| T 39 K, o T 9gd B B &
s Siat H fefafea fafshan o weawasa OH-
SR I Tl -

NH,(aq) + H,0() & NH,*(aq) + OH (aq)

TIESIST ST Wigal g pH Thel a1 STANT ©
% 39 o= i v Il o fore off sgea fohan
T ¥ TH THER

pK, = -log (K)) (7.34)

IETETTT 7.21
0.004 M BESSH foe™ &1 pH 9.7 €1 3ok
K, T pK, ! 0T Hif)

&'

NH,NH, + H,0 = NH,NH," + OH"

T pH ¥ TR 3T¥H HWIgdl i UM HT
Tohd &1 TSN ST Tigdl Td hieh 3R <l

o AAMH [UARA H H SRSIRIA ST i
Higal w1 0T i 21 39 TR,
[H'] = antilog (-pH) = antilog (-9.7)

= 1.67 x10™"°

WA o

[OH]=K, /[H1=1%x10"/1.67x10"°
=5.98% 10"

Hq BESSHaY 3TFH i Higdl &1 AF ot
BEg oI ST hi Hixdl o T BT S I
TR 1 TGl 9gd HH T 37d: Afdifeid &R
T Wisdl 0.004 M ol T Hehell &1 39 YR,
K,= [NH,NH,'|[OH ] / [NH,NH,)]
= (5.98 x 10°)* / 0.004 = 8.96 x 10
pK, = -logK, =-10g(8.96 X 10) = 6.04.
ISR 7.22
0.2M NH,Cl d# 0.1 M NH, & 390 § &1
o o pH 1 TUAT HIfSTI NH,, foerad i
pK, = 4.75 ®I

'

NH, + H,0 =
NH, =1 I e
K, = antilog (-pK,) 31,

K, =107 =177x10° M

dn

NH, + OH"

NH, + H O = NH, + OH
YRR Higdl (M)

0.10 0.20 0
[T W REdd (M)

—X +x +x
TrTEE T (M)

0.10-x 0.20 +x X

K,= [NH,'][OH] / [NH,]

=(0.20+x)(x) / (0.1-x)=1.77x 107

K, %1 A %8 21 0.1M Td 0.2 M i go1
x 1 B9 IURTd T Hehd B
[OH]=x=0.88x 10"

ggfe [H']= 1.12 x 107°

pH =-log[H'] = 8.95

7.11.5 K, AT K, ¥ Ha"

T 1V W B9 U 9 ¢ [ K, T K, HEI: 3T
R ek 1 "Hed 6 wid &1 Hgr - e g
T 3 Th-gR W Welad ®9 9 Heifd e 21 A T
1 W TG 8, @ G H A FHA ST HRA 1 NH;
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AT ERT

q NH, o 3T 1 fqe=m & 8-

NH,"(aq) + H,0() &= H,0*(aq) + NH,(aq)

K, =[H,0"][NH,] / [NH,"] = 5.6 X 10-°

NH,(ag) + H,O() &= NH,*(aq) + OH(aq)

K =[NH,"][OH]/NH, = 1.8 X 10°

F€: 2 H,0() = H,0*(aq) + OH(aq)

K_ =[H,0[OH]=1.0%x 10" M

K NH; 1 371 o ®9 § a1 K, NH, & &
o &Y o wHed guiar €1 e stfufwan o eI < A
a1 7e § fop et ¢ stfufran o | feeien w1 W
K, @ K, o {0 & aeR el g
K, x K, ={[H,0l[ NH,] / [NH," |}  {[NH," ]

[OH] / [NH,]}

=[H,0"][OH] =K,
= (5.6 X109 x (1.8 x 109 = 1.0 x 104 M

T 3G G0 GRT M <7 Gehell §— & o
woreT ATffeRamatl st Se W SeRt we o erfufeRan
w1 grEraeen-frertes y@ew srfrfewar o=
AreETeer-ferieh & UHEA & s gl g

K, =K XK,X...... (3.35)
U YR T &R g o fau
K xK, =K, (7.36)

I Tk 1 A TG B, A = HI A R S
Tohdl B1 I€ &AM <1 =IfET foh geret o7ret st Gl
&R el el et TR sh1 HYTHI &R Welel eidl 2l

JehfeTh &9 § STEH HHHEW K= KX K,
i e -fods wrmeen Afafshan 9 o 89
T Thd B

B(aq) + H,0() = BH’(aq) + OH (aq)

K, =[BH'][OH] / [B]

S w9 T wE fer wd L oW W w
Y g G e 7 SR fomem femie o wimfed
F e T R Sugsd Wi & O[HY] 9 T
FE qAl M A W

K = [BH'][OH][H"] / [B][H']

={[ OH'[H*I{[BH"] / [B][H*]}
=K_/K,

K. XK, =K,

219

T I < A o1 2 T A S S e
foren S, @ ST ST q &R °h WMl bl Serud
fepan ST Wkl B

pPK, + pK, = pK_ =14 (298K

IETEAUT 7.23
0.05 M STHIAT foe@q i STEEA 7 9201 pH
I SIS STHIET o ST-H-eris &1 AF
affaeer 7.7 ® fen @ 21 emiten o wgrdt
3T 1 AT feeaiar ot Fa wifsru)

&
S H NH, & & 39 YR <M 7
ekl B—

NH, + H,0 = NH,” + OH
(7.33) THIHIOT HT STANT X o B SR/
P T FEAT 6T MO T Hehd B—

[OH]=ca=0.05«

K, =0.050"/ (1 -a)
o T HF HH ¢, 3d: THIH § T 3R o &1
1 & g ® o 1 0T qH Hhd B
3d:
K,=co® or o=\ (1.77 x 10™° / 0.05)

=0.018.

[OH]=ca=0.05%0.018=9.4x 10 "'M.

[H'1=K, /[OH] =10"/(9.4%107
=1.06x 10"
pH = -log(1.06 x 10'") = 10.97.

T 3T R I oh fol FaY 9 hid W
K, x K, =K,

dfetert 7.7 | W<l NH,, o K, 1 9 W@ W &1
NH, o TgH 7t ot il Fehret Tehd 2
K,=K,/K, =10"/177%x107
=5.64x10"°

7.11.6 g Td ag et 3 aern fg o =g
AT AR

sTfc 3T, eI 3T TS HIThING T

3 Fo ol | Ufd 19 Tsh o Afyues a8
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Al W Bid | W STl ol Sg-&TReh! 41 UifeTsiiesh
317 o A9 © ST ST 2| Sereoned—fganentg v
H,X & fau st sifafsean frefated st g
<9I et 8-

H,X(aq) = H*(aq) + HX (aq)

HX(agq) = H'(ag) + X*(aq)

oI TG ArEEee] HHe frEfatEd 2
K, ={HHX]} / [HX] (8.16)
dar K, ={H[X>]} / [HX] (8.17)

K, W K, %l 3 HX % o8 T fgdt
ST fEerieh e €1 S8 TR H,PO, S Fremerra
A o foq dF SEE-Teewis 1 e dieliies
37Tl ok SMFH- iRl oF o TRt 7.8 | 3fferd B
WRU 7.8 298 K W S WM Ulcliylieeh 3Tl o

- feerien

T Ka, Ka, Ka,

e 3T
TEhTfeeh TR
HeRRH T
e 377
TSR 3T
isfeen o
THIEhING 3T

6.4 x10°
1.6 x 107
6.4 x 107
1.2 x 107
5.6x 10
1.7x10°
6.2x 10

5.9 x 1072
74x10*
1.7x 10
AAHH
43%107
74x10°
75107

4.0x 107
42x 1078

TH YehR 3@ S Gehal ® T @g difess ot
=4 Fife o N (K, K,,) st &1 a9 fm=
Fife & SEA-fer® (K) ¥ %9 89 €1 39 FR0
7 ¢ for Teer foge-cil o RO HoeHeh 3PF 9
TR Wi Frehifad T gishe 71 38 sHeafema
H,CO, Tl Ef[ HCO; | Fef fehrad | <@ s
Tehdl ¢l T TR fgemaf HPO> U § H,PO;
1 qo | Wi o1 frshied e i 2

g Yifesh 3teet foeram | ervl 1 fagon i @
H,A ¥ fgoifes e o fome, H A, HA™ 3iR A2 &
fagor g 21 mufoew sfufwan & HA &1 foem
qe H,0* wfmfer g 8, S foasr o yerm =xo 9
e B 2

e fagm

7.11.7 TFA-HHS hl AT FAATA HReh

3T qAT &Rehl i HAECH dHed &1 foe=m o
TyaTq g9 TRt fSu gu o7t &1 pH 9H &1 0T %
Tohd T1 TRy T T Scua Bt ® foF pw ot o=
FI ol § Joel il eid 87 3% Afesh Yo ST
FReE FI T2 TUHT I Teh Sifedt q27 g1 aAfeh ge
®9 W B € e Hehd ¢ Toh Ueh 75 &1 e i
T H- A 99 & 9med T8 gauar | R
Fdl B

;ST H - A &% 1 G sedl €, stefq
a4 o faaem § srevas e ged ®, @ HA W
IrA-gmed wgal €1 S YR e HA Ty feren
gy B ¥, Ao H T A WHNRT % Hed
fIA-RUMl #T FR T T IR A gUFHR
gfterd el €, i ey w1 forie e 8 S €, S
et | gfg s 2l

WY T8 &AH I A o 98 @ fm o av A
3Tad AR o IHT §EE o aw 8l, @ 9Y & Y&
hfd I ol H H - A AEY gyl sl o
freitor & yq@ wR g ¢ o H = # e 9W
T S-S A T R G&dl 8, -l H- A &
gmed wedl © U 3l qHed Sedl Bl Seretoned—

AHR | g
HF << HCI << HBr << HI

s 9l H gfg
T YHR H,S, H,0 ¥ Jaam 37 ¢
T & §H 3Aed AR o Teh 2 S7ed o adl
1 e e € dl H- A STl 1 eoran et -gmed
=1 i e o Hewayol sre 8 Wt 81 sE-sa
A Y fagRom sgdt ©, =i o7 w1 qmed st
Tl 31 SSrETone—
A = faggrea | gfs
CH, < NH, < H,0 < HF
s/ 9l H gfg
7.11.8 Al Ud &Nkl o M ® OH
3T YHTT

3TN, WHifesh 3Tvet o1 SN0 o, Foreent fodism 59
GreEeE g YR feRan S Hehar 8-

Y

-

-
>
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RESIERS|f

CH,COOH(aq) = H*(aq) + CH,COO (aq)
AYAl HAc(aq) = H*(aq) + Ac (aq)

K, = [H'][Ac"] / [HAC]

THifess omal o faoem o THiRe oA &
e W BESISH APl 1 Figdl Tedl ¢ 36 YR
I o |d 9 1 e fieny S, o grereren
srferifo Ueifes st o1 e foreenfud = St
teiq =9 foon ® owRR Bl 7, food grEeer e
Higdl [HY] St €1 TE S WH I YA
3T 21 ot v ueref o fem @ S forsres @
¥ ud o Sufterd emafie wieli 1 iR Sucrsd
FIETHY e 1 faeerfud il ®, 98 |d
T TS’ el 2l

31 B9 e Hohd ¢ Toh TH ST Y9G SA-Sdferd
fagia W emafia 2, 79 &0 @ 7.8 © 9 g% €l

0.05 M THeZ FH &l 0.05 M UHifesw o1
o el W pH w1 TUMT 89 39 YR Y Fehd &—

HAc(aq) = Hf(aq) + Ac(aq)

RIS FEar (M)
0.05 0 0.05
g x THifewr A H AET ki °E0 B,
Tigar | gfiEdq (M)
—X +xX +X
g qigdl (M)
0.05-x b:¢ 0.05+x
TH THR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-%)
et o7 o felT K W B ® x << 0.05

31: (0.05 +x) = (0.05-x) =~ 0.05
1.8 X 10 = (x) (0.05 +x) / (0.05 - x)
=x(0.05) / (0.05) =x = [H'] = 1.8 x 10-°M
pH =—1log(1.8 X 105) = 4.74

AT 7.24
0.10 M 3THIT=T foe@ st pH T O hifsTu)
39 f9@@= o 50 mL &l 0.10 M 3 HCl o
25.0 mL ¥ A9fsHa F@™ T pH HI TOMET
HifSu) staifTn 1 forrem feedis K, = 1.77 x
10° 2l

2020-21
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&'

NH, + H,0 — NH, + OH

K, =[NH,[OH] / [NHy] = 1.77 X 10™°
SR ¥ qd

[NH,"] = [OH] =x

[NH,] =0.10-x =0.10
x*/0.10=1.77x 10"
x=1.33x10°=[OH]]

gafere [H'] = K, / [OH] = 10"/
10 %/(1.33x 10 =7.51 x 10"
pH =-log(7.5 x 10%) = 11.12

25 mL 0.1M HCI faera (31eiq 2.5 fheft 9
HCI) ! 50 mL 0.1 M 3T foera (e7eaiq
5mL Hd NH,) H faam W 2.5 fielt 9
ST 310] ST & S €1 99 75 mL
foee ¥ STREEd 2.5 fHef|a NH, 319
qen 2.5 foelidiel NH, © S 2

NH, + HCI — NH;+ CI

2.5 2.5 0 (0]
HHITETEAT T
0 0 2.5 2.5

RO 75 mL faere | 2.5 fueimiel NH,
3TFH (0.033 M) a2 2.5 el

NH, 319 (0.033 M) & W & Treqreeen § 78
NH, 39 YR T&dl 28—

NH,OH = NH, + OH"
0.033M -y y y

Sely = [OH] = [NH,']

RO 75 mL faead, SR & 9eEn
2.5 fiefiiiel NH, 3T (0.033 M) § JoK il
21 37 NH, 1 el Hiadl 396 bR & St 8-
[NH,]=0.033 +y

<fh y %9 7, [NH,OH] =0.033 M 3T [NH,]
-0.033M.

& W ® T

K, =[NH,'I[OH] / [NH,OH]
=y(0.033)/(0.033)=1.77 X 10° M
3:y=1.77 x 10° = [OH |
[H]1=10"/1.77%x10°=0.56 x 10
pH=9.24
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7.11.9 TIEUN T WA-TTIe UG gk faetam
<hl pH

Al e &Rl o e stara | sifufsean gr s
T AU 1 STt | ST BIell 1 3T gRI s &1,
A Seltd faeEd § Serited B 2 A S 9§
Sifaferan ¥k Ut Yehfd o STTER 7% A1 &R 1
TS HTd &1 STel qUT S S1E SO A1 SHI
Y e el ST ieHa i Siel-2Tqsea | Fed &1 39
=0 TR & pH w1ferd et 21 veiet &Tiehi g fRu
MY YAPA (3TN — Na*, K, Ca2t, Ba2* 37f]) qen
Yol STl g ST T KA (/@I — Cl Brr
NO;, CIO; 3% Theret STa-Aferd i &, STet-Tqefed
TET B4 B | ST Yool 7wl a2 Yol & © & e eoli
o =iel SIEH B €1 A SR pH 7 Bt 21 Tafy
3= YR o ool o1 STl ST Bl

o g9 fefafad @i o Sa-3TTeed W

foe 5 €

() TS Tl UF Yool &I oh a0, IIEL0Mmed—
CH,COONa

(i) el STl o Jecl &Reh] oh odvl, IR —
NH,CI, qe

(iii) JoCT ST TS o1 &TRehl oh oIdvl, IR0 —
CH,COONH,

YH 30 H CH,COONa, Tdd 3+
CH,COOH T Yo&l &R NaOH &1 @@ &, S
Sfeft T o guiqen emafa g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR o1 THRS 3 S o WY 5
STqEfed gl UHifesh 3T e OH- A1 ol fmfoy
F &

CH,COO(ag)+H,0(l) = CH,COOH(aq)+OH"(aq)

UHifesh et Th geel I ® (K, = 1.8 X 1079),
St foreram | ermEfa € @l 21 58 R0 faera o
OH 317l &1 Figal ® gfg &1 <t 2, S T =
AT oA B1 39 YR o4 foerad 1 pH 7 9 S
B 21

T YR a9 &R NH,OH e Jaa o7
HC1 § 91 NH,Cl 51t | qufean smafa & s 21

NH,Cl(aq) - NH; (ag) +CI (aq)

e fagm

SATEH A 1 S T8 89 ¥ NH,OH
3R H* 1 & €l
NH} (aq) + H,O(1) = NH,OH (aq)+ H* (aq)
HAFH BEGES (K, = 1.77 X 10°) TH
Toa AN €1 98 foee o oFEfa wd @) 56
IRy faerad § HY ST |igal 9g Sl @ SR
foea™ =i st a1 It €1 e1a: NH,Cl & 5ia
foeras &1 pH 7 ¥ &9 gl
Ta STFA q A &Rk G ST T A0
CH,COONH, & Sd-38ed &l 3@ 39 g1 KU
T ST T ST T6 YR Bl e—
CH,COO + NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥ ®9 ¥ 39
JhN SFAIH @ B
CH,COOH = CH,COO" + H*
NH,OH = NH,” + OH-
H,O = H'+ OH
faear @ o fopu fon e 1 Gehar © T
- 3T9EEA 1 A foera 1 digdl 9§ s gl 2l
31q: fore™@ =1 pH e—
pH=7+% (pK - pK) (7.38)
forer@ =1 pH 7 | ST &, A} ST
Bl @ pH 7 ¥ ¥ B, A% M FOMHS -

3SMEXUT 7.25

UHifesh 37 1 pK, T STHIMIH TESHES
F1 pK, FIE: 476 IR 4.75 T ST
THee faet@ &1 pH &1 TUMT Shifaq)

'
pH=7+ % [pK, - pK,]
=7+%[4.76 - 4.75]
=7+%1[0.01] =7 +0.005 =7.005

7.12 SRI-Tae™aq

IR Iufted w3 W (IR AT ) F
f4feea pH B €1 37k pH o geN IRed IR o
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEtE T Sfaew afdfwaet § st pH W
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AT ERT

I S Tewyul i €1 w2 ST ue g
TEquTf (Consmetic Formulation) =i fordt foeim
pH W @1 Sl € e IER | gl @ < 81 i
faer=m, fo9eht pH @ & 19T 3T 1 &Rk
Tt A W AT e o w1 ot staRafda e
2, ‘aw-faereq’ wEeld &1 9 pH & faeeH o
ST I pK, T & o pK ok fafcd #HT den
aredl 3R oeul o ST A TRl qel &Il o
FUE & e g s € tfafek e qen
Hifeaw wfgee &1 AU @ pH, 4.75 HT THL
faera a1 € don SrEifEn aoikiEe Ud S
TIESIFIZE 1 90 pH, 9.25 &l ©1 9% fererrmt
o a1 | S=a s | g 3R et g

7.12.1. 9% TIe™&= ST
pK,, pK,3iR Trfeerie 1 99 &H ¥ pH &1
dthY r°|('1¢|"| EEIE! "-ll Holddl on{dl %l SIEY i@

o &9 I8 Y FT THd B

TAT-T T TATT

3T pH 1 %R 99 o oL g0 goa o
SR TU% §W WAE &R & WY a0 S e
AF0 1 STAN Hd Bl BH pH, oo A &
qre feoish K, #iR gefel et iR g@eh wfe
& 1 Fisdlell oh T9d H Ty wfd w
Il FHeRToT Tnfid e €1 Uk g feofa o
el ool oA HA il § STEisha el €,

HA+H,0 = HO +A

T foru wn frefofed e foa ged 8-

[H,O*][A"]

K. = "HA]

ST S5 i JiAaeed s T

_ HA]

= KA

T TR T A0 T o 918 TaI ! AeAafeerd
FH W EH U Bl -

[H,0"]
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[A]
K =pH-1
pK,=pH —log (HA]
[A7]
H=pK,, +]1
e pH=pK,+ Og[HA] (7.39)
B [Ggfma &m&, A7)
pH=pK, +log (o, HA] (7.40)

ST (7.40) TEUT-gHeTaNd GHIHT0T heetrdl
%|%,a’gﬁqaw (RoTe) 3R fagor o
IUfEerd eTret T FIEAIST 1 STUE &1 370 ot
B o RO 9gd HH TR Bl § SR FiEdl
[HA], 9% §9M @1 T T o7 &1 digar §
oRmE @ f SR ¥ Oy @, srfumay Haf
N, [A], 3T o TG0 h AFHIhd BH W W
B 21 SEY TYTd eeh i Wigdl ool ohi
Tisd § hae ovEE = 8RN Safere. FHieRIor

o

(7.40) Frefafad veR 9 ®U@id 21 S B-

[FerT]
[ ]

g IR (7.39) H, [A-] ST Hixdl [HA] Tl
igdl o SUE Bl @ pH = pK, B, (e log] T
M I B 1 TEiT A gH o SR ofe
(Fgf9a &Reh) i HAeR Fixdl SR o a T
%1 pH 371 o pK_ o a0 BT 37d: 3T9fard pH
1 T T o U g0 T ST &1 =999 A
& ftgeht pK o1iferd pH o SRIeR 2l 21 WHifeeh
T KT pK, UM 4.76 Bl ¥, AT Uik
3T iR wifeaq teiee &1 SR AT H ol
ST T IH T pH T 4.76 B

gecl @ 3R 3Heh WfHd o § &
IE 1 T B favemn fafatea afem &,

[afad s, BH ]

[&r, B]

pH =pK, +log

pOH = pK, + log

(7.41)
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TR Toera o pH &1 dRehe, THIH pH
+ pOH =14 <h1 39ANT <hich rchfﬂ ST Hehdl %l

g9 9@ 2 f% pH + pOH = pK_ X
pK, + pK, = pK, |37 HAl &l GHH (7.41) |

W@ R THe FEfaiad 960 9 gl B

[wyfma e, BH )
K _—pH=pK_ —pK +lo
P&, —pHo=pAK,, —PK, g (a7, B]
a7ere
Hf +
pH =pK, +log [ e, BH ] (7.42)
[emeR, B]

A g 3R 3 WYfma ove (*AEE) Y
ISl 9UeR & a 9w o @1 pH &R o
pK, oF SEX BN STHIMAT 1 pK, A 9.25 Bl
§, o7: 9.25 pH 1 9% T TAM Higal ard
et faere iR emitem Fonee foeem 9
TR S Hehdl 81 STHIEY FANES SR ST
TESFARE § 94 IR faeaq o fau geie
(7.42) 1 TEY AN~

pH = 9.25 + log L2 s, BH' |
(&, B]

TR ToIeE o pH W TR0 T STER &l
ISl Hifch U oh S STH dell U
Tfafdd T 7

7.13  AUfIAT AU ki Taeiaar
HIRETTE=AT

Y 9@ € T oo ® ety Sl 1 factmar o
ogd 3R a1 21 39 § o ql gad et faea
(S8 Shfewam FarEe) € fo 3 yofa § sanmet
Bd € au1 argHed W So-ard wifad e od gl
FO I (S8 fTH wqsiuEe) w1 et
zal % B fom 58 g W | erfaeta’ whed )
foretaar &% aral W fdt s 2, o 9 g v,
AN I STeTh ST (Lattice Enthalpy) a2 faeraa

e fagm

o el w1 faemas woedt B UH @@ o
foamees ® oied o fau A o U9 gad
STHYT g (et Tedt) | STH-Taemaes ==
fomen atfues g1 =few) emaat &1 faemas Teed
! faamea & ®9 § f6id &9 8, s 999
FUCHs Bl 21 374 faemasta ufewan § ot qo
Bl B Taetentad St 61 wnn foemas ®1 gehid
W faft et 21 sy (weEAsw) faams o
e T Teedt &1 | | Bidl ©, S @l &
SINERCEIREIRC ] (Overcome) HE | 9ey el
2| TR Tau siye faeras § 7e et 2
Ifg ST T Tk IE 20 ° S § g gehar
2, d sHH! faarasiad Tdedl oqu &1 STl
Tt 9 erfuer AT AfEUl Yedsh @eu H1 Uk
sAfqenemia facad i €, st a0 w fdt s
g1 Ui ogul 1 ot fafyre faetaan gidl 1 =@
R ek w2179 3 qE ki AR faea
& SHR T AT o | fasfea s 2

il | oo fo=da > 0.1 M
| T & faom 0.01 < faera <0.1 M
it 11| 31y faem faetTd <0.01 M

39 B9 oF footd AR o0 qen 3Hen
Hqw Seftd faeem o e armEeen T faear &

7.13.1 Taer@ar oFwe /i

Sefta faem & dueh o 7, W foeaR ) srefed 3|
oIl Sk g faerae oh ST oh Hed WmEeel i
frafafea aiw g7 weféa faar s 8-
BaSO,(s) —>9 . BaZ'(aqg) + SO,*(aq).

e fremis frefafad e g v
fepan S 2

K = {[Ba*][SO21} / [BaSO,]

35 39 g w1 wigar fer et 2
Ad: KSp = K[BaSO,] = [Ba*][SO}] (7.43)

K, 1 ‘foctad qomse-feeris’ a1 ‘ foera
W’qv_c'{ ' Ed ¢ | ST T H K 1 AR

T 298 K T 1.1x 1010 31 e 7 7w &
I AFH Hehe, S T Hgw faeew o @y
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el | 7, o fou Jfaq qun Gothe SEal &
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ARl 7.9 298K W T AR AR AAUN oF

Higaistl 1 [UHAE $Heh foretadi-ToHhe feeriss farcraar-Ture feovi K, o A
&g@%ﬁm%lsﬁﬁmﬁwéﬁmﬁem e - =
&1 Aier-factzar & ser grf| afg Ao faeraa foeeR simEe AgBr 5.0 x 10-13
'S %3[, Fﬁ @mﬁ'{ w 2g2C03 8.1 x 10j12
g:CrO4 1.1 x 1012
1.1 X100 =(S)(S)=S% A S=1.05x 107 gmm AgCl 1.8 x 1010
Agl 8.3 x 10-17
=0 YHR IRET Tethe 1 HieR- e S TS ASOs | Tax 105
. _ Ifm wiie Al(OH)s 1.3 x 10-3
1.05 x 105 mol L' &Mt S e SR S
1907 TS & Horeey _ SICH e Tehe BaF 1.0 x 10-6
aﬁé i fom-fom %}%\q'qumaﬁz BaSi)z; 1.1 x 10-10
o A A A Y HAHF B A AR | Wkl B Wmﬁw cagt: 2B 10
o FEEERIES] aF2 .3 x 10
I o fefu— 3eu, gH fShifem wiehe (zrtY), o SRR Ca(OH) 5.5 % 106
: AT St pens CaC0 4.0 x 10
(PO,*), TV @av R fo=m &, S =R Srefivrm areEze CaSOs 9.1 x 10
T SR STEAl T i 0T STevTare 4 HIEhe efirm dwREs CdOHp | 2.5x104
. HIHTH TGRS Ccds 8.0 x 10-27
EUEAl | Tt s 21 afg fSehifa wehe & Eoit mm Cr(OH)s 6.3 x 1031
CuB 5.3 x 109
Her- ot 'S &, @ 39 e & T o e cucos | 14x 101
T TR GIESIERIESS CuCl 1.7 x 10-6
- . RS Cu(OH) 2.2 x 10-20
[Zr*] = 3S @M [PO,>] = 4S B TS cul 1.1 x 1012
T FEHS CuS 6.3 x 10-36
3: K, = (3S)° (4S)! = 6912 (S)" S FeCOs | 32x 1o
TSI, XA e, | mos | 1
S g .0 X -
P+ 4~ PR FES FeS 6.3 x 1018
A Tohelt S| e, Toreeht w=1 99 My X e He,Brs 5.6 x 1023
B, S T Wy foeram o W wrereen § g aen Wﬁm f e
golo .5 x 10+
forgent Arer-faetaa 's' &, & fF=Afafad s TowTEe Hg»SO4 7.4 % 107
_ i e HgS 4.0 x 10-83
SN oo e T Weha @ it MgCOs 3.5 x 105
N . ~ FrAREH erEer MgF 6.5 x 109
M,X (s) = xMP*(aq) + yXo (aq) g%w mﬁ"v SHERIE M§((§H)2 e x 101
TX XD =V X FARE MgC:0 7.0 x 107
ﬁgjmx i yﬁsjr)'m Froffa | i o i | o
REIRERE %A RS Mn$S 2.5 x 10-13
orel BTEgioES Ni(OH) 2.0 x 10-15
HHiehLo1 gR1 e TR STl B— S s NiS 4.7 x 10
= [MPE[XE P = (xS)*(yS)Y (7.44) WS RS PbBr2 4.0 x 10-5
= x5y Sk ki Bch | Lexi0s
=x* .y . 2 6% 10-
Sk =K /x% .y RERGEINES PbF» 7.7 x 108
sp Y ;E HESERIES P’E(OH)Q ;.2 x 18-15
T S=(K_/x*.y)/x"y (7.45) HAETES Pbl 1% 1079
> e Hethe PbSO: 1.6 x 108
TR0 | N9 Teh A1 ek TSt bl T ﬁégm@ PbS 8.0 x 1028
X -28
ST A Wigdl T e 8, 7@ K H QW o s R -
Wﬁwmw%(é@m762)|w%ﬁs Tt e SrCOs 1.1x 10
AR R K, = Q) ¥ €, fehg o= ufeferi | 20 TR S0, 5 i0r
Te LT A (R (Dissolution) ¥Rt &1 e TR TIBr 3.4 x 106
x 10-4
T 21 1 WO 7-0 208 K W WA @i | 0 e w R
o faeiaa-Torwe fremist o W fKe T € o e ZnCO; 1.4 x 10-11
IREIRIESIEIES] Zn(OH)2 1.0 x 10-15
IEERGIES) Zn$S 1.6 x 1024
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7.13.2 3Tk AGUN ehi TH=AT U @9 31
PoCH

- Iafers fagTd o STER, J8 319 &1 <t © fo afg
et a0 foretam o fordt U 3Tae it |igd e W
ST 39 TAORIT STeeT oF ST oF | |AT hOm qel
oo € o @av a9 9o STaeifud B, 59 7o T aR
K, =Q,, 78 Sl A fordl s <t Fisar s
qifeh fiRLK, = Q,, B ST 7 forerd el o fer «ft @
2, fereirr 55 o STl 1 3 Wisa o o1 Q| e
H el o T W H Fishad (activities) T AN
F €1 39 YR Tifead FARIEe o Gqw e 5 HCI
o TIAIS 9 W SeTIsS ST i Tigdl (Gfshad) 96
S o SHROT TSI FANES 1 S0 &l Sl 81 39
fafu @y Hifeam Feikres ogd €1 IS B 21 36 TR
&1 Hifeam steran Hrfeem Hothe SiE sTyfgal Wt
A €| IR fargeivor o et 31 shl argd o et
At 3Tk 31eq faeid oa & &9 § quieyer seeifd
T W o T S q9TE 1 A feR e S €1 59 YR
TH AR favervor | faear 31eM &1 staemu faeer
FANZS o €U H, TReh 375 T AL Bk TESFARE
o T H G STaEI0] S| ST 1 JfEm Hethe o &9
o Y TWehd B

T 3T oh IaUN i faeidal ®° pH T agdl

2, wifh %7 pH W RUMTH 1 Wgdl 6

WAL o RO Sdl €, S A0 i faetea

1 TG A EI T K = 9, FH A WA B 0w

Tl W HEA BA g, Fqi K, = [M'] X,

HX(aq) = H" (aq)+ X" (aq);
« [ (ad)][X (aq)]
) | HX (aq)]

X717/ HX] =K, /[H']
T T T FhH TR | SgT W gH W

2 I L O
x] K
[HX]+[X—] [H+]+K

2020-21

e fagm

TH: FhH o T EH W B [X] / {[X] +
[HX]) ==K,/ (K, + [H*])| 7€ 3@ ST Tl ¢
o pH o =23 W f ot 521 21 afg <t 7 pH
R dqu &I faeEa s &,

K, =I[SI[fS]=$? (K, / (K, + [H])}

S=IK, (H1+K,) /K, " (7.46)
3: S, [HY] & &+ A pH & ¥ed W foema
et 2l

ISR 7.26

g AMd BT foh el off TR o oA 5@ 9
sifafshan 81 3d, Y 5a J A, X, 1 foretar
1 TOMET HIU A,X, 1 Fe=d oEwe K
=1.1x107° gl

&'

AX, — 2A° + 3X”

K, = [A" X*1°=1.1%x107%

AR S = AX,, 1 foerma, a

[A*]=2s; [X*]=3S

W TR K, = (29)°(35)° = 108S°
=1.1x10"

s S°=1x10"°

S=1.0% 10" mol/L.

IS 7.27

T 3feq faerg @Ol Ni (OH), T3 AgCN oh
foerRId-TUA%e o B HE9T: 2.0% 10 T 6
x 1077 €| & W @ stfush faom 82

'

AgCN = Ag" + CN~

K, = [AglICN]=6x10""

Ni(OH), = Ni*" + 20H

K, = INi”'JJOH]* =2 x 107"

I [Ag'] =S, W[CN] =S,

i [Ni*] = S,, A [OH] = 2S,
s,’=6x10"",5,=78%x10"
(S,)2S,)°=2x107"°'S,=0.58 x 10~
AgCN ¥ Ni(OH), ! facrar s 2
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IIEITT 7.28 et forex a1 2, élﬁm OF 1 et Wiz OH
0.10 M NaOH  Ni (OH), 1 HieR farerr &1 (0.10 +28) mol L™ &1l Fifeh foerer  weet #

2 NaOH 9 Id 0.10 mol L™ 3ufterd 21
AT fRfSTT Ni (OH), 1 3TRIfHF T[UHwA
e K,,=2.0x10""°= [Ni*'] [OH]* = (S) (0.10 +2S)*

2.0x107"° ®I :

- FfF K,, 1 W1 F9 21 25 << 0.10 37: (0.10 +
25) = 0.10

H fF Ni (OH), %! faer=d S mol L™ & faet 3?’4)%1 e ,

gH 9 Ni®* o (S) HId T OH e 2Smol L Sy i)

S=2.0x 10" M = [Ni*]

9T

It 59 9 Feheraret st w1 4 o9 @ 59 § dieddr STupel 1 Ge o ae g, dl O et
Bl W1 | TE Tiiiel Feptd w1 eial ©| Wreeree Hifdes T THEtTen, <l WehHi gRI a8 Hehdl |
TH ST W 3 S e ARl i U HHH Bl 81 STl shi WKl i SATWehReh! T Higdl ¥ TN <
W B Y TS ] WHHHIHOHAS e o W0 o ®9 H W feedieh K, 1 e $d ¢

ARIRFT aA+bB — ¢ C +d D % fw K = [C]ID]*/[A][B]”

o a9 R g feeri %1 O e @ €139 ot | gt Toe Tur S 9igdl, S g
feerm Ted 21 et sifufsran o forg wmaewen feoris F1 K ¥ =1 FEd 8| 39w s og J
Tl o TIM W &1 A <6 foed 21 ifafsran 1 fxen &1 orqum sifafsan smeet @ & o s
T, S WrETEEe WK, % SRR Bl 81 T-Iei fagid’, ok STER A1, 1, Wgdl S hehi ¥ 9 R
TF ¥ qREd o 0T wreraen St fewn ¥ fazenfuq Bt 2, S uRerdd % UWE H HH A T H 9o
THHT SYAN TAf= HRhl SIH 19, W1, e, Sk 3R Afha 6 o Tt 1 fGe W 996 o 77
T fopa ST € qe ScUTE 1 WM 1 01 39 wReh! i TEfd sien fohan ST Fehar 21 sifufeman fasm
o HEEE FeH &l I UIfad T8l i, forg eifufsran &t fa &t ¢ =1 Seii-ua o sifveras
T SR g1 el SR ¥ SRR W a5t 9 ¢l

9 gl wred, S Sefta faerem o ford #1 weH S €, ‘fag oraeed’ see €1 ot &N a9l
e * fergge 3TTerea’ €1 A et forera § et A1 SIEEA g1 UFEA Td SROTEA o Sedled o SRRl fagd
1 =eH H T ool e eraeed quid: fomifsa e s &1 gefet faga erased o et u et
UL o WA W el 81 SR o AR, Sl faeted W o, gsgie ST qe e, SISl
A 39 T W G ST < B H SR SRS -wli 3 37 i WSSl % U H Te &Reh FeuTel
o w9 H IR foman e Tk SRe-R 3T Ush Rk 9 SIfafsRar il ], 99 I8 el §d Hgt
&Rk To Tohal i dTel &7 o G Tt 37ret ki ST €1 39 Wb GTH oTRd- &R § Shelcl Teh Fiei
1 AW BT T AW, oG A A I WH &Y H R IR T &R H Sela= I o &Y
o witemfia foran| e 1 9 o STIER, 3aa o o fodie o fau feemis (K) 9o 3@ &R &
ferars oh e feerien (K) o =St 1 foskfaa feran o e &t w60 Ud 3§kt Wil W i qen
A 3 1 e fohan T @1 TS ST Wt igal (Wiwadr) o T pH HIYEH (pH = -log[H'])
TEGA R T €1 e S o7 T & o feRafia feRaA (pOH = - log[OH)) ; pK, = —loglK | ; pK, =
—loglK, w1 pK_ = -log[K_| STX) 7T 1 Sct oh T T 7797 it T B0 @4 § foh FHehor pH +
pOH = pK_ T Hq= Bl T Tl 370 T qoiet &R, Jocl 37Fet T Ul &R ¥R qaiet o7l T 3o
& o N Rl STl fIea § Siel-STue el 1 IR foerae 1 qReTo de SUeh Hew i Gfee S
oo T 21 s1e e e 3 forcrran weieht @i 1 vl ud fae o feerrE (k) 1 At w
T THHT Hey Tl w1 ferera  wenftd fopan | faer | @ & Sraeun A 35 Sl § foerrar i v
1 Fuftor fofa = 21 ww o U oty foeid w1 faord & Hew w1 oft fade w5 T 1
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e fagm

faenfér & fow 3@ weher W dHeifa Fdfvm foramd

(%) foeneff fafiys o wal wa Afssal o Wi, 95 99, TR 9810 3ol 6 Iqaed S oF T
%1 pH T1d %3 o fAw pH TR 1 ST HT Fohd 2l

(@) pH YR &1 S9N fafq=t <iao =1 fae@ &1 pH o & o ff fman S dehar 21 98 7@
T R Hehdl/Gehdl € 5 A gac/gee sl O aRl ¥ s e )

(1) d Hifeqn wHite e wHifew 3 1 fish W o a6t faedd o ¥ehd € T pH W
1 STANT HT SR pH A HT Tohd 2l

(%) 3= fafis pH & oo ® fafus a1 9ferd w6 o forg goek f&u < 96 2

(T) GaH! H1 SYAN Y D A &R AT HT Fohd 2l

(9) 9 27eq foeid @eu w1 faeiaa W EH A Y96 Hl 39 Thd 2l

(B) AR fomenmera # pH HieX 3ua= &1, @ o $§H pH A9 &Y 3Uh! pH TR & I IRomH &
T T T B

7.1

7.2

7.3

7.4

7.5

A

T g9 & Hoee ue § fifved a9 W gues arsg % WY 9 § W@ S g e 6
AT SR @l e S

(%) TTU-TE YREE 1 GRS TROTH F1 T2
(@) URY W o9 Td WO i ST ohd aeeldl ©2
(1) T, 59 TR 9 O Sifod ®9 9 Tefud g ST a9 Sifw ST S@ 3 g2

fet W o5 forw K R i, afe o W g e # @i § (SO, l= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

250,(g) + 0,(g) = 250,(g

T = d9 td @ @ 105 Pa W AEEN asq H STETAHER 40% AEEH
T e €

L (g = 2I(g)

e o faw K, 1 O i)

frerferfed & 9 vois aifufwan & forg o feri®w K, @1 =@ fafae-

()  2NOCI (g) = 2NO (g) +Cl, (g)

(i) 2Cu(NO,), (s) = 2CuO (s) + 4NO, (g) + O, (g)

(iii) CHSCOOC2H5(aq) + HzO[l) = CH,COOH (aq) + C,H,OH (aq)
(iv) Fe* (aq) + 30H (aq) = Fe(OH),(s)

V) L, (s) +5F, = 2IF,

K % WM 9 frefafad 9 9 g 9 o fag K 1 7 9 s

@ 2NOCI(g) = 2NO (g +Cl, (g); K=1.8x102at 500 K

(i) CaCO,(s) = CaO(s) + CO,(g; K,=167 at 1073 K
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7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

T= NO (g) + O, (8) = NO, (g) + O, (g) & T 1000K R K_=6.3 x 10 2|
e ¥ o1 Uy S stfufsmard weifies w9 9 fgeros €1 wdiw sifufeman ok ferg
K_ 2?2

g feerish o1 =S forad e 99=ET o Us 5di U9 Sl o1 Sufard o fehan S
Tkl 87

N, O, & " frfafaa sifafwan sid 8-

2N, (g) + O, (8 = 2N,0O (g

I T 10L % 919 ¥ 0.482 Hi@ N, W6 0.933 "t O, 7@ =Y qen T am, foam
N,O & &2 St |t fHo7 =1 Heled 3 hifog K= 2.0 x 10771

frefafaa stfufsan o sgar Efer sfwEe Br, ¥ sifufsa s TEdfaa amss
T B

2NO (g) + Br, (g) = 2NOBr (g

e feer A9 W U &€ 9 H 0.087 Hiel NO T 0.0437 Hiel Br, fafs fehu v
€, 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | 6T 91 #ifow|
|1 250,(9) + O,(9) = 2S0, (g) % fAT 450K W K = 2.0 x 10'° bar #1 38 a4
W K 1 A A ity

HI(g) 1 T T 0.2 atm T T T eIk H T@l S €1 6 W Hl(g) 1 3ifereh
T 0.04 atm B el 3T T W % faq K, &1 7 @ gm?

2HI (g = H, (@ +1, (9

500K 4 W T 20L 9= # N, & 1.57 Hiel, H, % 1.92 Hiel T NH, & 8.13 Hidl
=1 g femn s 21 sifufswen N, (g) + 8H, (g) = 2NH, (g) & faq K &1 °M
1.7 x 102 81 7 stffsan-fagmon wm # 22 = 78, @ Je sifaferan =1 faen = 22

T T At o fag

O]
“No (o &7
9 5k oh fag Hfera Tt g fafau)

H,O &1 T Hid T6 CO %1 T Hid 725 K ad W 10L % 7 ¥ faw v 21 =
W 40% Sl (RIS ) CO o @1l FAfefaa THiehtor o SgaR stfufman s 8-

H,0 () + CO (g) = H, (g) + CO, (9)
aAfferan o fore wme feeries &1 7o wifsy
700K a9 R sfafwan H, (g) + 1, (g) = 2HI (g) & fore o feeris 54.8 13k

T & ¥ HI(g) fo=n 81, 700K a9 | €1fad &1, de | W 0.5 mol L HI(g)
Safterd =, @ 9 W H,(g) T L,(g) T Wigand = si?

ICI, TSt Tizar get % 0.78 M €, 1 afE 6 W 37 fen S, ot yeeh bt &
T HiganE = B2

2ICl(g) = L, (@ +Cl (g); K=0.14

= i U § 899 K W K, %1 9 0.04 atm 81 C,H, &1 HF T Hisgdl &

c
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7.18

7.19

7.20

7.21

7.22

7.23

7.24

i A 4.0 atm @ W C,H, 51 T Tk H W T 8 T A |

ST &2

CH, (g = CH, (g +H, (g

et U UHifesk et 1 erfufenan @ e T SR ST @ S 9 i 39 R

T S Hehell B—

CH,COOH (I) + C,H_OH (I) = CH,COOC_H_ () + H,0 ()

@) =9 wfafren o foau wiza s (sfafwa-amrea) Q, fafaw (feoof : =@t
W ST e e § e et off T @)

(i) @ 293K ™ 1.00 A THifesh 37 TH 0. 18 Al TeHATA IRA H ford Se
affem g fagor 9 0,171 dict Tt Teiee €1 | feeris 1 1o wife)

(iii) 0.5 A/ TIATA TE 1.0 7t THifesh 377 ¥ YRY i3d g 293K 9 W FD
I 99N UIA THee & 0.214 Wid 9 T O = | w©fad 8 T

437K 9 W feid & PCL, 1 Toh T T Felresh H feran 21 | weifid gF ®

PCI, %1 Wizl 0.5 X 10" mol L' o 7, afk K_ 1 7F 8.3 x 1038, @ ¥ W

PCL, W Cl, %! Higarg =1 eimii?

PCL (@) = PCL,(g) + Cl,(g

e ST ¥ Widl a1 gud S sififewRan et €, 9% oA (11) SATIEe 1 Hie

HHIFEE o g1 STTEeE € T 399 wifes @le T CO, faerd 2

FeO (s) +CO (g) = Fe(s) + CO, (8); K,= 0.265 atm at 1050K

1050K W CO Wd CO, & | W Afh <@ 1 BiMl, Al S¥eh GRI9h 37iferen

T T

Peo= 1.4 atm T p,, =0.80 atm
#fufsra N, (¢) + 8H, (g) = 2NH, () & fau (500 K W) ¥ feertis K. =
0.061 2| T fagie g9g o fagor 1 o 39 YR 2—

3.0mol L' N,, 2.0 mol L' H, W& 0.5 mol L' NH, 1 sifafsean @ o 22 af
&, @ = Tefud s o fae sfafwen fee faem o s ghf?

S BETEe Brel fasfed 2ies sidie Td e a1 § qen are weonfud g B
2BrCl (g) = Br, (g) + Cl, (g)

3Tk fTT 500K W K = 32 €1 3k TR9 § BrCl &1 9z 3.3 X 10° mol L&,
= R Ay o gt digar = g?

1127K W& 1 atm @ | CO @1 CO, o T fasmn & wraemen | S ieq §
90.55% (@) CO B

C(s) +CO, (g = 2CO (g

IWe q9 R Al % fag K o6 |71 &1 10 i)
298K ® NO T O, & NO, adt &—

NO (g) +'2 0, (g) = NO,(g)

sfufsran o faq () AGe wd (@) 9= feemiss =1 TOMT Hifsu—
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7.25

7.26

7.27

7.28

7.29

7.30

231

AG° (NO,) = 52.0 kJ/mol
AG° (NO) = 87.0 kJ/mol
AGe (O,) = 0 kJ/mol

forefafad § o gt 9 W S STEde agiehl <6 S ShA1 Sl €, 99 Saersy
AT o ST o Hill w1 WA dgdl @ A1 T @ A qHH Wal 22

() PCI (g = PCl, (g) + Cl, (g)
(@) CaO(s) +CO,(g) = CaCoO, (s)
(1)  3Fe (s) +4H,0 (g) = Fe,O, (s) + 4H, (g)

frefafad § 9 < 9g™ W SF-®E § stfufmard yarfed enf? 98 o sard fF <
qiedd 0 W AfAferan 3w =1 wdtg fen § fqas gi?

(i) COCL (g =CO (g +CL (9

(i) CH, (g +2S, (g =CS, (g +2H,S (g

(iii) CO, (g +C(s) = 2CO (g

(ivy 2H, (g) +CO (g = CH,OH (g

(v) CaCQ,(s) &= CaO (s) + CO, (g

(v 4 NH, (g) + 50, (g) = 4NO (g) + 6H,0(g)

frefafea sifufwman o forw 1024K ® 9= feeri® 1.6 x 10° 21

H,(g) + Br,(g) <= 2HBr(g)

3% HBr % 10.0 bar Hiega o ¥ el oY, df gt 6l o 1024K W 9 &
A Hifs)

frrfafiaa e sffHen o STar s g SEeRgeH 19 wrefaw 16 4
WS T ST B

CH, (g) + H,0 (g) = CO (g) + 3H, (g

(F) ST sfufshan = fere K 1 =ik fafem)

(@) K, o srfafhan fsm 1 9 R §9eT fohg gehr gefed g, 4t
@) =@ e feor S

(i) a9 = far S

(i) 3UF TgF fRa SMQ

w™= 2H,(g) + CO (g) = CH,OH (g) T 94T «disi—

(%) H, frem =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH %M W

473K W FEHRY Yeaigs PCL % famed & fau K, &1 71 8.3 X108 4z fawes
39 WhR SR WY, 9 PCL (@) = PCL (g) + Cl, () AH° = 124.0 kJ mol!
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7.31

7.32

7.33

7.34

7.35

7.36

7.37

7.38
7.39

7.40

7.41

7.42
7.43

e fagm

(%) sAfufsran = fag K =1 =sa fafay

(@) Wi AR o fg §HH a9 W K 1 7H F= S

(M 3R (i) 3R ek PCL et ST, (i) 1@ TG0 S0 q9 (i) @ S
S, @ K T R G B

TR fafer o woe e1gSIST i Wiehfdeh 19 W W WO ol $vd q1d i 99 9 T

T AT ST 81 J gRere stfufsher § ger e § CO e H, St 81 gER 9% § Wem

g H & STl CO AR stfen wa o siffman sl 2

CO(g+H,0O (g = CO, (g +H, (g

g 400°C R fAfshan 9 H CO W& 919 &1 FHACK 901 36 &R fa=n s &

Pco=Pi,o=4.0bar, H, 1 |l W S 16 91 &2 400°C WK = 10.1

Farsy for fAfafed o 9 foea sfafsran o s1fyerenl e SRl i Aisd gued sif—
(F) Cl, (g = 2Cl(g) K, =5 %10

(@) CI, (g +2NO (g) = 2NOCl (g) K.= 3.7 x 10®

(M)  Cl, (g) + 2NO, (g) = 2NO,CI (g) K.= 1.8

25°C R #fafwan 30, (g) = 20, (g) & faU K 1 71 2.0 x10-508| At a1 &
25°C A9 W O, F1 e Wigdl 1.6 X 1028, @ O, 1 Higdl w1 Bri?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =fufswan s fiex % d 1300K T
TR ¥ €1 389 CO % 0.3 i, H, % 0.01 Hid, H,0 % 0.02 el T CH, &
T A 71 KU T q R sfafwn o fow K 1 7E 3.90 2 fasm ¥ CH, %1 A
BRI

T 7rer- R T k1 1ef 77 frefafed wheis o for Tt ste/am saee-
HNO,, CN-, HCIO, F -, OH~, CO} TdS?*"

frfafad & & 1 9 o o 27

H,0, BF,, H* & NH

fferfad seerl o fory S el o o3t fafan—

HF, H,SO, ™ HCO,

FERHT NH,, NH, 721 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, F=2=37 T &Reh—ari &! A el &
g1 T o W 3T el el SISy

Frefafad e & 79 377 q &N § afiehd ohitelg a2 Farsy ff 3 fFd TR
TE ST-&NE o §OH w1 FW - (F) OH- (@) F- (1) H* (%) BC,

T g U9 % T H eEgeH AP F1 FiEdl 3.8 X 10°M 21 SHHT pH uiehfaa
EIS I

foeh & U A *1 pH, 3.76 €, 3UH TESeH A HT FiEdl [ it

HF, HCOOH @& HCN =T 298K W 319 feerish shAl: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T TTF TId TIH! §RI oh A fLerleh F1q Hifs)
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7.44

7.45

7.46

7.47

7.48

7.49

7.50

7.51
7.52

7.53

7.54

7.55

7.56

7.57

7.58

HHHTet 1 SE feRi® 1.0 X 1071021 0.05M HHA o fao= § wilele s1e 1
rzar a1 0.01M Hifeam ®ine faoae o 36k & &1 A7 91 Hifa)
H,S W1 J2i| 3T feeri® 9.1 x 10481 3k 0. 1M faeem § HS- st &1 i
T UM HITC qe Farsy fF afs 89 0.1 M HCI ot 3ufeerd &1, @ wigd fhd TR
wofiferd BT, AfE H,S =1 fgdt fomism feerisn 1.2 x 107181, @ Hewigs S A=Al
T IAI feefcal & igar FT T0MET FifS)

sk 3t T A TEerish 1.74 x 10-5%1 96k 0.05 M ferers § ferier st we,
THIee 3T Tigdl ae pH &1 9Rehe &Sl

0.01M Srafieh 37 (HA) o faer@d 1 pH, 4.15 21 $8eh 0 &1 Higdl, 375
1 A feerieh 9 pK_ A qiehierd shifsiq)

vl faes W gu fefafea fafes i & pH 3@ i)

(%) 0.003M HCI (@) 0.005M NaOH
(7)) 0.002 M HBr (1) 0.002 M KOH
Frfafed faee o pH 3 shifsu—

(%) 2 7MW TIOH & 91 ¥ =ieeht 2 feex faeem smn Sy

(@) 0.3 U™ Ca(OH), &l S | =ietsht 500 mL fererda s s

(71) 0.3 IM NaOH = 5 ¥ =@t 200 mL faes = sy

() 13.6 M HC1 & 1mL &l a1 ¥ TIh01 ek el e 1 e feren sy
SHICHifeeh 37 1 ST 1 A1 0.132 10. 1M 37 ST pH @2 pK, 1 A4 T
it

0.005M #EH (C H, NO,) faer &t pH 9.95 2| 39! o feerish T Hifew)

18721

0.001M Tl féera &1 pH 1 82 Tl &1 21 feorie arolt 7.7 9§ & gahd
E1 sUeh G 3T o1 T el i Site)

4tz 0.05M TEiife 371 & pK, 1 0 4.74 8, W ST 1 761 [0 hifsm) afg
T (1) 0.01M (F) 0.1M HCI faeram & ren S, @ fase &1 461 f7g yaR
yoqferd et €2

TR THA 1 A feri® 5.4 X 104281 39 0.02M fore™M &1 T &1 90
1 AT HifeW| I g8 fae@d NaOH 9fd 0. 1M 8 df SEAIfYe THE 1 giaer
AT A BAM?

forefataa St o, i pH & 7T €, 1 srReisH 1a" Wigdl ufehiord shifey—
(%) ¥Ma T 39, 6.83 (@) HFE 3 5d, 1.2

(M) HEd wf@, 7.38 (%) ¥WHE @R, 6.4

T, HIH], THRL W™, 9 T q01 31€ F A%l & pH F AF HA: 6.8, 5.0, 4.2,
2.2 7 7.8 €| Y o WA H* 39 i Higal 1 i1y

298K W 0.561 g, KOH ¥iel # e R 9 200 mL faera= &1 & pH, weferm,
BIESISH a1 BIESieRdel P! 1 Higad T Sy

298K W Sr(OH), foerr =t focrat 19.23 g/L 71 Wi qen g s &1
qigar den faee &t pH F1d &l
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7.59

7.60

7.61

7.62

7.63

7.64

7.65

7.66

7.67

7.68

7.69

7.70

7.71

7.72

7.73

TR 3Tt 1 115 feeria 1.32 X 105 §1 0.05M 31 feiad o e &t A
T pH 1 ®ifsw| Af foe=a 5 0.01 M HCI fHarn ST af 36 ST & A6
M il

IfE A 37 (HCNO) & 0.1M faerd &1 pH, 2.34 1, @ 37 oh 3T feeien
T ST 1 A TG HifSU

i Tg2H 3T 1 SFA Feeier 4.5 x 1048, @ 0.04M Hifeaw reerse foem i
pH T SIS &1 A F1d i)

Iz diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ 9REH =
S feeieh Td FifSa)

Frefafed aemn o Sefa foeet oF IaEH, STl T S 8H i IR hifu—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARTH e 3Tt T I el 1.35 x 10° %1 0.1M 37 a1 36k 0.1M
Hifeam @01 i pH @ &S

310K W S &1 e UH%a 2.7 X 1071431 gH drdshd W S wet 1 pH
M il

frefafaa fasmoi =t pH ufewfaa wifse—

(%) 0.2M Ca(OH), &1 10 mL + %1 0.1M HCI %125 mL

(@) 0.01M H,SO, %110 mL + 0.01M Ca(OH), %110 mL

(71) 0.1M H,SO, 110 mL + 0.1M KOH %110 mL

faeer e, AfEm wiHe, BiE FESFIES, o FANES 71 Rt sTHeEe faeed
T AR 7.9 ¥ U T foerar ToAwa femid &t Fere 9 faerar 1 sifae qen
YAE I H1 Aiowdl o A Hisa)

Ag,CrO, 7 AgBr 1 faeterl uwet feerisr sHwT: 1.1 x 1071291 5.0 X 10718
21 Soh Wgw T 1 HioRdl 1 S 6 S

A 0.002M FisdEm Hieaw sTRiee a0 Ffew e faeta™ & T0F T i e
ST, T A IR S FT A& M2 (KW A & fAU K = 7.4 X 10°)
Sl STt k1 ST feri 6.46 x 10757 faeer S=iee &1 K 2.5 x 1071
21 3.19 pH el I foerm § fea S=iwe Sl @1 qorl o fohan 11 faem gm?
T Gothe q HIfEaH Tohigs & THAICR ol shi iferhd Tigdl sy Sfe Sk
A oTad A W TR HowiEe sEaEfad 7 B (IPRT §eiEe o fau
K =6.3x10"%)

| T Shiewe Tethe i Siei o foIq " § & feha- STaa STel w1 Sagaehal giit?
(hfewam Fethe & fag K =9.1x 109)

0.1M HCI ¥ eEgiSH Hehize ¥ Hqw faeq &1 @igar 1.0 x 107 M 21 afE 29
foer@™ 1 10 mL f=fafed 0.04M fae@a & 5 mL St s, @ foe faeam 9
3faed 9 em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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